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A SYSTEM FOR COUPLING A TUBULAR MEMBER TO A 
PREEXISTING STRUCTURE 

Background of the Invention 
This invention relates to ooupang a system for ooupTing a tutxilar meml)er to 

5 a preexisting structure. 

Conventionaily, when a wellbore ts created, a numt)er of casings are 
installed in the l)orehole to prevent collapse of the Isorehole \Mall and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fUd from the 
fbmiation into the t)orehole. The borehole Is driited in intenrails whereby a casing 

10 which is to be installed in a lower borehole interval is lowered through a previously 
installed casing of an upper borehole interval. As a consequence of tNs procedure 
the casing of the lower inten/al b of smaller diameter than the casing of the upper 
Inten/al. Thus, the casings are in a nested arrangement with casing diameters 
. decreasing in downward direction. Cement annuli are provided between the outer 

15 surfaces of the casings and the borehole wan to seal the casfaigsfifom the borehole 
wan. As a consequence of this nested arrengement a relatively large borehole 
diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handOng eqi^pment. large 
drill bMs and increased volumes of drlBing fhiid and drSI cuttings. Moreover. 

20 . increased drflling rig time is involved due to required cement pumping, cement 
hardening, required etpilpment changes due to large variations in hole diameters 
drilled in the course of the well, and the large volume of cuttings drilled and 
rwnoved. 

The present invention is directed to overcoming one or more of the 
25 limitations of the existinig procedures tor forming weilbores. 

Summary of the Invention 
According to the present invention there te provided a system for oouiriing an 
expandable tubular member to a preexisting structure, comprising: 
30' means for positioning the tubular rnenrtl)erartd an exparsion cone within ttie 

preexisting structure; 

nrteans foranchoring the tubtdar member to the preexisting structure: 
means for axtelly displacing the expansion cone ralaliye to the tubutar 
member by puHIng the expanston cone through the tubular member, and 
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means for injecting a lubricating fluid into the trailing edge of the inteiftioe 
between the expansion cone and the tubular member. 

Preferably, the system further comprises a lubricating fluid, wherein the 
lubricating fluid has. a viscosity ran^ng from 1 to 10,000 oentipoise. 
5 Preferably, the means for Meeting IrKhxtes: 

ir^ecting lubricating fluid into a tapered erxi of the expansion cone. 

Preferably, the means for Injeoting includes means for InJecHng lubricating 
fluid into the area around the axial nddpoint of a first tapered end of the expansion 
cone. 

10 Preferably, the means for injecting includes means for Ir^ecting lubricating 

fluid Into a second end of the expansim cone. 

PreferaUy. the means for injecting includes: 

means for injecting lubricating fluid into a tapered first end and a second end 
of the expansion cone. 

15 Preferably, the means for irtecOng iridudes means for injecting lubricating 

fluid into an interior of the exparttion €one. 

Preferably, the means for faiecting includes means for injecting lubricating 
fluid through an outer surfoce of the expansion cone. 

Preferably, the means for ^jectkig includes means for injecting the 
20 lubricating fluid into a plurality cK discrete locations almg the trailing edge portion. 

Preferably, the system further comprises a lubricating fluid, wherein ttie 
lubricating fluid comprises drilling mud. 

Preferably, the lid>ricating fliM further includes: 
TorqTrim III; 
25 EP IMudlib; and 

DrillN-SBd. 

Preferably, the system further comprises a lubricating fluid, wherein the 
lubricating fluid comprises: 
TorqTrim III; 
30 EP Mudlb; and 

DrillN^SIid. 

Preferably, the .means for axially di^^iadng the expansion cone includes a 
means for pressurizingatleadaportionof the interior of the tubular member. 

Preferably, the means for asdaBy displacHig the expanston cone inchides a 
35 means for injecting a fluidic material into the tubular member. 



Preferably, the means fbr axially displacing the expansion oone indudes a 
nrieans for displacing the expansion oone into the tutuilar member. 

Preferably, the means fbr axialiy displacing the expansion oone includes a 
means for displacing the expansion cone out of the tubular member. 

Preferably, the means for axially displacing the expansion cone radially 
expands the tubular member by 10% to 20%. 

PrefmUy, the system further comprises a means for applying direct radial 
pressure to the tubular member. 

Preferably, the preexisling structure includes a weiibore casing. 

Preferably, the prsexistfaDg structure includes a pipeline. 

Preferably, the preexisting structwe includes a structural support 

Preferably, the syistem further comprises an expansion cone, wherein the 
expansion cone comprises an angle of attadc rangir^ from 1 0 to 30 degrees. 

Preferably, the system further comprises a tubular member, wherein the 
tubular memt>er indudes: 

an annular menriber, having: 

a wall thickness that varies less than 8 %; 

a hoop yield strength that varies less than 1 0 %; 

hnperfectionsoriess1han8%ofthewail thidmess; 

no feilurs fbr radial expansions of up to 30 %; and 

no neddng of the walls of the annular member fbr radial expansions of up to 

25%. 

Preferably, the system further comprises a tubular member, wtierein the 
tubular menrA)er indudes: 

a first tubular menrAer, 

a second tubular member; end 

a pfri and box threaded connection fbr coupHng the first tubular member to 
the second tubular menter, the tTveaded connection induding: 

one or more sealhg members fbr sealbig the interfaoe between the first and 
second tubular men4)ers. 

Preferably, the one or more sealing members are positioned acQacent to an 
end portion of the threaded omnection. 



Preferably, one of the sealing members is positioned adjacent to »i end 
portion of the threaded oonnection; and wherein another one of the sealing 
members is not positioned adjacent to an end portion of the threaded connection. 

Preferably, a plurality of the one or more seeing members are positioned 
5 adjacent to an end portion of the threaded connection/ 

Preferably, the system further oonrvrises a tubular member, wherein the 
tajbular member includes: 

a layer of a lubricant bonded to the interior surface of the tubular member. 

Preferably, the lubricant comprises a metallic soap. 
10 Preferably, the lubricant is chemically bonded to the interior surface of the 

tubular member. 

Preferably, the lubricant is mechanically bonded to the interior surface of the 
tubular member. 

Preferably, the lubricant is adhesively bonded to .the interior surface of the 
15 tubular member. 

Preferably, the lubricant Includes epoxy, molytxlenum disulfide, graphite, 
alunrttnum, copper, alunvsilicate and pdyethylenepolyamt^ 

Preferably, the system further comprises a tubular member, whersin the 
tubular member Includes: 
20 a pair of tubular members having threaded portions coupled to one another, 

and 

a quantity of a sealarit vnthin the threaded portions of the tubular members. 
Preferably, the sealant is selected from the group consisting of epodes. 
thennosetUng sealing compounds, curable seaBng compounds, and sealing 
25 compounds having polymerizable materials. 

Preferably, the sealant Includes an Initial cure cyde and a final cure cycle. 
Preferably, the sealant can be sMched up to 30 to 40 percent without 

failure. 

Preferably, the sealant is resistant to conventional weDbore fhiidic materials. 
30 Preferably, the material properties of the sealarU are substantially stable for 

temperatures ranging from 0 to 450^. 

Pref BTBbiy, the threaded portions of the tubular members include a primer for 
improving the adhesion of the sealant to the threaded portions. 

Preferat>iy. the system further comprises a tubular member, wtierein the 
35 tubular member includes: 
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a pair of rings for engaging the preexisting structiffe; and 

a sealing elennent positioned t)etween the rings for sealing the interface 
between the tubular member and the preexisting structiro. 

Preferably, the system further oom{»ises a tubular member, wherein the 
tubular member includes: 

a first preexpanded portion; 

an intermediate portion coupled to the first preexpanded portion including a 
sealing element; and 

a second preexpanded portion coupled to the intermediate portion. 
Preferably, the system further con^xises: 
a tubular member; 
an expansion cone; 

a support member including a fluid passage, the expansion cone coupled to 
the support member, the tubular member coupled to the expansion cone; 
a slip Joint coupled to the expansion cone; 
an end piate coupled to the slip joint; 

a fluid chamber coupled to the fluid passage, the fluid chamber defined by 
the interior portion of the tubular member between the expansion cone and the end 
plate. 

Preferably . the system further comprises a tubular member, wherein the 
tutxiiar member includes a slotted end portion. 

Preferably, the system further compriees a tubular mennber and an 
expansion cone, wherein the tubular member and the expansion cone define a 
chamber adapted to be pressurized. 

Preferably, ttie system further comprises a flimfic passage coupled to the 
chamber. 

PreferBt)ly,.the system further comprises a lubricating flirid In an interfaoQ 
between the expansion cone and the tid>uiar member. 

Preferably, the lubricating fluid conrprises drilHng mud. 

Brief Description of the Drawings 
FIG. la is a fragmentary ooss^sectional Illustration of the plaoement of an 
apparatus for expanding a tubuter memt>er within a welibore eating. 



FIG. lb is a fragmentary cross-sedional illusbation of the apparatus of FIG. 
la after anchoring the expandat>le tutnilar member of ttie apparatus to the wellbore 
casing. 

RG. 1c is a fragmentary cross-sedional Hhistration of the apparatus of FIG. 
5 lb after initiating the axial displacement of the expansion cone. 

FIG. Id is a fragmentary cross-septional ilustration of the apparatus of FIG. 
lb after initiating the axial displacement of the expansion cone by pulling on the 
expansion cone and injecting a pressurized fluid below the expansion cone. 

FIG. 1e is a fragmentary aoss-sectionial illustration of the apparatus of FIGS. 
10 1c and Id after the completion of the radial expansion of the expandable tubuiaf 
member. 

FIG. If is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1e after the decoupling of the anchorir^ device of the apparatus from the welttKHe 
casing. 

15 FIG. 1g is a fragmentary cross-sedional illustration of the apparatus of FIG. 

If after the renrxival of the anchoring device of the apparatus from the weilbore 
casing. 

FIG. 2a Is a fragnentary cross-sedional illustration of the placenient of an 
apparatus for expandir^ a tubular member within a welltxire casing and an open 
20 hole in a subterranean formation. 

FIG. 2b is a fragmentary cross-sediond Hustration of the apparatus of FIG. 
2a after anchoring the expandaUe tubul»- member of the apparatus to the open 
bote. 

FIG. 2cis a fragmentary cross-sedional illustration of the ^iparatus of FIG. 
25 2b after initiating the axial displacement of the expansion cone. 

FIG. 2d is a fragmentary cross-sedional lllustratton of the apparatus of FIG. 
2b after initiatirig the axial displaoernsnt of the expansion obne by pulfing on the 
expansion cone and also tiy ir^ecUng a pressurized fluid below the expansion cone. 
FIG. 2e a fragmentary cross-sedional iDustration of the apparatus of FIGS. 
30 2c and 2d after the completion of the radial expansion of the expandabte tubular 
member. . 

FIG. 2f is a fragmentary cross-sedional illustration of the apparatus of FIG. 
2e after the decoupling of the anchoring device of the apparatus from the open hote. 
FIG. 3a 6 a fragmentary cross-sedional illustration of the placement of an 
35 apparatus for expanding a tubular member within a wellbore casing. 
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FIG. 3b is a fragmentary cross-secUonal Illustration of the apparatus of FIG. 
. 3a after anchoring the expandable tububr member of the apparatus to the wellbore 

casing. 

FIG. 3c is a fragmentary aoss-eectional illustration of the apparatus of RG. 
5 3b after initiatirig the axial displaoernent of the e)q>antiono^ 

FIG. 3d is a fragmentary cross-eectional illustration of the apparatus of FIG. . 
3c after completing iho radial expansion of the expandable tubular member. 

FIG. 4 is a fragmentary cross-sectional Muatration of a shock ab5ort)in9 
system for use in the apparatus of FIGS, la to 3d. 
10 FIG. 5 Is a aoss-sedional illustration of a coupling arrangement for use in 

the expandable tubular members of the apparatus of FIGS. 1 a to 3d. 

FIG. 6 is a cross-sectional illustration of an expandable tutnjlar member 
having a slotted lower section for use in the apparatus of FIGS. 1 a to 3d. 

FIG. 7 is a aoss-sedional illustration of an expandable tubular menriMr 
15 having a pre-expandedupperportion for use in the apparatus of FIGS, i a to 3d. 

FIG. . 6 is a cross-sectional illustration of an expandable tubular member 
having a slotted upper section for use in the apparatus of FIGS, la to 3d. 

FIG. 9 is a graphical Illustration of a method erf applying an axial force to the 
expansion cones of the apparatus of FIGS, la to 3d. 
20 FIG. 10a is a fragmentary cross-sectional illustration of the piaoement of an 

. apparatus for expanding a tubular member within a wellbore casing. 

FIG. 10b is a fragmentary cross-sectional illustratioffi of the apparatus of FIG. 
10a during the Ejection of a non-hardenaUe fiuidic rnatefial Into and out of the 
apparatus. 

25 FIG. 10c is a fragmentaiy cross-sectional illustration of the apparatus of FIG. 

10b during the injection of a hardenaUe fiuidic seating material into and out of the 
apparatus. 

FIG. lOd is a fragmentary cross-secUonal Dlustratlon of the apparatus of FIG. 
10c after the piaoement of a valve closure etement into the valve passage of the 
30 anchoring device of the apparatus. 

FIG. lOe is a fragmentary cross-secdonal illustration of ttie apparatus of FIG. 
1 0d after anchoring the expandable tubular memtier of the apparatus to the wellbore 
casing. 

FIG. 1 0f is a fragments^ cross-5ectior)al illustration of the apparatus of FIG. 
35 1 0e after initiating the axial displacement of the expansion cone. 

7 
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FIG. 10g is a fragmentary cross-sectional illustration of the apparatus of FIG. 
lOe after Initiating the axial displacement of the expansion cone by pulling on the 
expansion oone and injecting a pressurized fluid t>elow the expanston cone. 

FIG. lOh is a fragnrientary cross-secfional illustration of the apparatus of 
5 FIGS. lOf and lOg after the conation of the tbxM expansion of the expandat)ie 
tutHilar member. 

FIG. lOi is a fragnwntary cross-sectional iHustration of the apparatus of FIG. 
lOh after the decoupling and renmval of the anchoring device of the apparatus from 
the wellbore casing. 

10 FIG. 11a is a fragmentary cross-sedionar illustration of an apparatus for 

ooupDng an expanctable tubular member to a preexisting structure. 

FIG. 1 lb is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1 la after anchoring the expandable tubular member of the apparatus to the wellboie 
casing. 

15 FIG. 11 c is a frs^mentary cross-secttonai illustration of the apparatus of FIG. 

1 lb after initiating the axial displacement of the expansion cone. 

FIG. lid is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1 1c after stopping the axial displacement of the expansion oone prior to deactivating 
the anchoring device. 

20 FIG. 1 1e is a fragmentary cross-sectional illustration of the apparatus of FIG. 

1 1d after deactivating the anchoring device. 

FIG. 1 1f is a fragmentary cross-sectional illustration of the apparatus of FIG. 
lie after initiating ttie axial displacement of ttie expansion oone and ttie deactivated 
anchoring device. 

25 FIG. 11g Is a fragmentary cross-sectional niustration of the apparatus of FIG. 

11f after the completion of the radial expanston of ttie expandable tubular member. 

FIG. 12a is a fragmentary cross-sectional afeustration. of an apparatus for 
couplkig an expandable tubular rnmvbw to a preexisting structure positioned wfthin 
aweiibore. 

30 FIG. 12b is a fragnrientary cross-sectional niustration of the apparatus of RG^ 

12a after expanding the expandable expansion cone in order to anchor ttie 
expandable tutHJiar memt>er to the welltxKe casing. 

FIG. 12c is a fragmentary cross-sectional illustration of the apparatus crfFIG. 
12b after initiating the axial displacement of the expandable expansion cone. 
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FIG. 12d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
12c after completing the radial expansion of the expandable tubular merTri)er. 

FIG 13a a fragmentary crose-secHonal aiustration of an apparatus for 
coupling an expandable tubular member to a preexisting structure positioned within 
5 awelibore. 

FIG. 13b is a fragmentary cross-sectional Blustration of the apparatus of FIG. 
13a after activaflng the shape menrK>ry metal Inserts In order to anchor the 
expandable tubular member to the wellbors casing. 

RG. 13c is a fragmentary cross-secHonal Hustration of the apparatus df FIG. 
10 1 3b after InKiatnig the axial displacement of the expansion cone. 

FIG. 13d is a fragmentery oross:6ecttonal illuslraHon of the apparatus of H6. 
13c after completing the radial expansion of the expandable tubular rhember. 

RG. 14a is a fragmentary cross*sectiona| illustration of an apparatus for 
coupling an expandable tubular member, to a preexisting structure positioned within 
15 a wellt>ore casing. 

FIG. 14b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
14a after coupHng the packer to the welU>ore casing. 

FIG. 14c is a fragnrientary cross-sectional illustration of the apparatus of RG. 
14b after initiating the axial displacement of the expandable tubular member towards 
2D the expansion cone. 

RG. 14d Is a fragmentery cross-sectional illustration of the apparatus of FIG. 
14c after radially expanding the end of the expandable tubular mernber onto the 
expansion oone. 

FiG. 14e is a fragmentary cross-secHonal illustration of the apparatus of FIG. 
25 14d after decoupHiig the packer from the weDbore casing. 

FIG. 14f is a fragmentary cross-sectional Hlustratton of the apparatus of FIG. 
14e after Initiating the axial dispboement of the expanskxn oone rdative to the 
expandat)le tubular member. 

FIG. 14g is a fragmentary cross-secHonal ilh^tratton of the completion of the 
30 radial expanaion of the expandable tubular memt>er. 

FIG. ISa is a fragmentary cross-secfional iilustratton of an apparatus for 
coupling an expandable tubular member to a preexisting structure positkmed withni 
aweHtwre. 

FIG. 15b is a fragmentary cross-secttonal Hhjstratkx) of the apparatus of FIG. 
35 1 5a after coupling the resiiient anchor to the wellbore casing. 



FIG. 15c is a frg^mentary cross-sectional illustration of the apparatus of FIG. 
. 15b after inttiafing the axial displacement of the expanse 

FIG. ISd is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1 5c after completion of the racfid expansion of the expandable tubular member 
5 FIG. 16a is a top view of a resilient anchor for use in the s^iparatus of FIG. 

15a. 

FIG. 16bls *a top view of the resilient anchor of FIG. 16a after releasing the 
coiled resOient member. 

FIG. 17a Is a top view of a resilient anchor for use In the apparatus of FIG. 

10 15a. 

FIG. 17b is a top view of the resilient anchor of FIG. 17a after releasing the 
resifient elements. 

FIG. 18a is a fragmentary cross-sectional top view of a resilient anchor for 
use in the apparatus o( FIG, 15a. 
15 FIG- 18b is a fragnientary cross-sectional top view of the riesl^^^ 

FIG. 18a after releasing the resilient elements. 

FIG. 19a is an front view of an expandable tubular member including one or 
more resifient panels. 

FIG. 19b is a cross-sectional view of the expandable tubular member of FIG. 

20 19a 

FIG. 19c is a bottom view of the expand^ tubidar member <rf FIG. 19a. 

FIG. 20a is a fragmentary ooss-sectional illustration of an apparatus for 
ooupDng an expandable tubular member to a preexistirig stmcture positioned within 
a wellbore. 

25 FIG. 20b is a fragmentary cross^sedional Uustration of the apparatus of FIG. 

20a after coupling the anchor to the weDboie casing. 

FIG. 20c Is a fragmentaiy cross-sectionci ilhjslration of the apparatus of FIG. 
20b after initiating the axial displacement of the expansion cone. 

FIG. 20d Is a flragnmitary cross-sectional aiustiation of the ap^^ 
30 20c after completion of the radial expansion of the expandable tubular member. 
FIG. 21a is an illustration of the anchor of the 4)pfiratU8 of FIG. 20a 
FIG. 21b is an illustration of the anchor of FIG. 21a after outwardly extending 
the spikes. 

FIG. 22a is an iUustration of the anchor of the apparatus of FIG. 20a. 
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FIG. 22b is an illustration of the anchor of FIG. 22a after outwardly extending 
the spikes. 

FIG. 22c is a cross-sectional Illustration of the petals of the anchor of FIG. 

22a. 

5 FIG. 23a is a liFagmentary cross-secHonal illustration tf an apparatus for 

coupling an expandat>le tutmlar memt)er to a preexisting structure penned within 
a\Mellbore. 

FIG. 23b is a fragnnentary cross-sectional iHustration off the apparatus of FIG. 
20a after Injecting a quantity of a hardenaUe fluidic sealing materia into the open 
10 hole weUbore section proximate the lower section of the expandable tubular 
nnember. 

FIG. 23c Is a fragnientary cross-sectional DIustration of the apparatus of FIG. 
23b after pemnitting the hardenable fluidic seafing material to at least partially cure. 
FIG. 23d Is a fragmentary cross-secHonal Illustration of the apparatus of FIG. 
IS 23c iafler initiating the axial displacement of the expansion oonei 

FIG. 23e is a fragmentary cross-sectional illustration of the apparatus of FIG. 
23d after completion of the radial expansion of the expandable tubular member. 

FIG. 24a is a fragmentary cross-secBonal illustration of an apparatus and 
method for coupling an expandable tubular member to a preexisting stnicture 
20 positioned within a welibore casing and an open hole wellbore section. 

FIG. 24b a fragmentary cross-sectional IDustration of the apparatus of FIG. 
24a srfter releasing the packer. 

FIG. 24c is a fragmentary cross-sedtonal Hlustratkm of the apparatus of FIG. 
24b after extruding the expandable tubular member off of the expanston cone. 
25 FIG. 25a is a fra gm entary cross-sectfonal illustratkMi of an apparertus and 

method for coupling an expandable tubular merfiber to a preexisting structure 
posltkmed within a wellbore casing and an open hole wellbore secfion. 

FIG. 25b is a fragmentary cross-secttonai iBustratkvi of the apparatus of RG^ 
25a after injecting a quantity of a flukllc matarlal Into the expandable tubular 
30 nmnber having a higher density than the fluM within the preexisting structure 
outsMe of the expandable tutnilar member. 

FIG. 25c is a fragmentary ooss-sectkxial iOustratkxi of the apparatus of FIG. 
25b after extruding the expandat>le tubular memt>er off of the expanskxi cone. 

FIG. 26a is a fragmentary cross-sectkxial lllustratkxi of an apparatus and 
35 method for couplirig an expandable tubular member to a preexsting structure. 




FIG. 26b is a fragmentary cro$$«sectional illustration of the apparatus of FIG. 
26a after the initiation of the radial expansk>n process. 

FIG. 26cls a fragmentary cross-sectional illustration of the oon^letion of the 
nadiat expanston process using the apparatus of FIG* 26b. 
5 FIG. 27 is a flow chart aiustraGon of a method of coupling an expandable 

tubular to a prBe}dsting stmcture. 

FIG. 28 is a cross-secHonal illustration of an expandable tubular coupled to a 
preexisting structure using an expansion cone. 

FIG. 29 is a cross^ectional illustration of the subsequent application of radial 
1 0 pressufs to the expandable tubular member of FIG. 26. 

Detailed Description . 
Refening initially to FIGS, 1a, 1b, Ic, Id, 1e, If and 1g. a method and 
apparatus for coupling en expandable tubular member to a preexisting structure will 
be described. Referring to Fig. la, a we^ibore casing 100 is positioned within a 
15 subterranean formation 105. The vvellbore casing 100 may be positioned in any 
orientaticm from the vertk:al direction to the horizontal di The wellbore casing 

100 further includes one or more openings 110 that may have been the result of 
unintentionai damage to the wellbofs casmg 100, or due to a prior perforation or 
fracturing operation performed upon the swrounding subterranean fcKmation 105. 
20 As will be recognized by persons having ordinary sluH in the art, the openings 1 10 
can adversely affect the subsequent operation and use of the wellbore casing 100 
unless they are sealed off. 

An apparatus 115 is ufiHzed to seal off the openings 110 in the wellbore 
casing 100. More generaHy, the apparatus 115 is preferably uUHzed to fbmn or 
25 repair weHbore casings, (ripeSnes, or structural supports. 

The apparatus 1 15 prefenMy includes a first support nnember 1^, a second 
support member 125, an expansion cone 130, an anchoring device 135, and 
expandable tubular member 140, and one or more sealing members 145. 

The first support member 120 is preferably adapted to be coupled to a 
30 surface locatkxi. The first support mernber 120 is further coupled to the anchoring 
device 135. The first support member 120 is preferably adapted to convey 
pressurized fluidic materials and/or electrical OHrent and/or communication signals 
from a surface location to the anchoring device 135. The first support nienit>er 120 
may, for exarTq>le, be conventional commerc ia Wy availitt>to slide wire, braided wire, 
35 coiled tutnng, or driOing stodc material. 

12 
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The second support member 125 is preferably adapted 1o be coupled to a 
suffece location. The second support member 125 Is further coupted to the 
expenslon cone 130. The second support member 125 Is preferably adapted to 
penmt the expansion cone 130 to be axisHy displaced relative to the first support 
member 120. The second support member 125 may. for example, be conventional 
oommerdally available sick v»lre. braided wire, colled tubing, or drilling stock 
material. 

The expanston cone 130 Is coupled to the secoiKl support member 125. The 
e)(pan8lon cone 130 is preferably adapted to radially expand the expandabte tubular 
member 140 when the expanston cone 130 is axially displaced relative to the 
expandable tubular member 140. 

The anchoring device 135 is coupted to the first support member 120. The 
anchoring devfce 135 is preferably adapted to be oontroHably coupted to the 
expandable tubular member 140 and the v«llbore casing 100. In this manner, the 
15 anchoring devtoe 135 preferably contiollably anchore the expandabte tubular 
member 140 to the wellbore casing 100 to facHltato the radial expansion of the 
expandabte tubular member 140 by the a)dal dteptecemeint of the expansion oone 
130. The anchoring devtoe 135 Includes one or more expandabte etemente 150 that 
are adapted to controlteWy extend from the body of the anchoring device 135 to 
20 engage both the expandabte tubuter member 140 and the vreBbore casing 100. The 

expandabte etements 150 are aduated using lluWte pressure. The anchoring device 
135 Is any one of the hydiBUlfcally actuated packere oommerdally avaUabte from 
Haffiburtoin Energy Sewices or Baker-Hughes. 

The expandabte tubutar member 140 Is removably coupted to the expansion 
25 cone 130. The expandabte tubuter member 140 Is further preferably adapted to be 
removably coupted to the expandabte etement 150 of the andK)ring device 135. 
The expandabte tubuter inembar 140 Includes one or more anchoring vwndows 15^ 

(or permitUng the expandabte etements 150 of the anchoring device 135 to engage 
the viAllbore casing 1 00 and the expandabte tubuter member 140. 
30 The expandable tubular member 140 further hidudes a tower aecton 160. an 

jntemiediatesectton 165. and an upper section 170. The tower sedlon 160 Indudes 
the anchoring windows 155 in order to provkte anchoring at an end portion of the 

expandabte tubuter member 140. The wall tttidcness of the tower and Intennedtete 
sadtens. 160 and 165. are tees than the waBthtekneee of the upper sedton 170 in 
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dnfer to optimally couple the radially expanded portion of the expandable tubular 
member 140 to the wellbore casing 100. 

The sealing members 145 are ooiiq^ to the outer surface of the upper 
portion 170 of the expandable tubular nnentt>er 140. The seeing members 145 are 

5 preferably adapted to engage arKl fluidicly seal the interface between the radially 
expanded expandable tubular member 140 and the wellbore casing 100. The 
apparetus 115 includes a plurriify of sealing members 145. The sealing members 
145 surround and isolate the opening 110. 

As illustrated in FIG. la, the apparatus 115 is preferably positioned within the 

10 wellbore casing 100 with the expandable tubular member 140 positioned in 
opposing relation to the opening 110. The apparatus 115 includes a plurality of 
sealaig members 145 that are positioned above and below the opening 110. In this 
manner, the radial expansion of the expandable tubular menriber 140 optimally 
fluidicly isolates the opening 110. 

15 As illustrated in FIG. lb, the apparatus 115 is then anchored to the wellbore 

casing 100 using the anchorir^g device 135. The anchoring device 135 is 
pressurized and the expandable element 150 is extended from the anchoring device 
135 tttfough the conresporxling anchoring window 155 in the expandable tubuicu* 
member 140 into intimate contact with the wellbore casing 100. In this manner, the 

20 lower section 160 of the expandable tubular member 140 is removably oxjpled to 
the wetibora casing 100. 

A compressible cement and/or epoxy is then irijeded into the anntto space 
between the unexpended portion of the tubular member 140 and the wellbore casing 
100. The compressible cement and/or epoxy is then permitled to at least partially 

25 am prior to the initiation of the radial expansion process. In this manner, an 
annular stmctural support and fiuidic seal te provided around the tubular member 

As illustrated in FIG. 1 c. the expansion cone 130 is then axially displaoed tiy 
applying an axial force to the second support member 125. The axial displacement 
30 of the expar^ion cone 130 radially expands the expandable tubular member 140 
into intimate contact with the walls of the wellbore casing 100. 

As illustrated in FIG. Id, the axial displacement of the expansion cone 130 q 
enhance by injectir^g a pressurized fiuidic material into ttie annular space between 
the first suppori member 120 and the secorxl support member 125. In this manner, 
35 an upward axial force is applied to the lower annular face of the expansion cone 130 
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using the pressurized fluidic material. In this manner, a temporary need for 
increased axial force during the radial expansion process can be easily satsfied. 

As illustrated In FIGS. 1e. If, and 1g. after the expandable tubular member 
140 has been radially expanded by the axial displacement of the exp^on cone 
5 130. the first support member 120 and the anchoring device 135 are preferably 
removed from expandable tubular member 140 by de-pressurlzing the anchoring 
device 135 and then lifting the first support member 120 and anchoring device 135 
from the vvelibore casing 100. 

As Ukjstrated in FIG. 1g, The opening 110 in the vvellbore casing 100 is 
10 sealed off by the radially expanded tubular member 140. In this manner, repairs to 
the wellbore casing 100 are optimally provided. More generally, the appsratus 115 
is used to repair or form wettbore casings, pipelines, arMl stmctural supports. 

Referring to FIGS, 2a, 2b. 2c 2d. 2e and 2f . a method and apparatus for 
coupling an expandable tubular mernber to a preexisting structun» wilt be described. 
15 Referring to Fig. 2a, a v^ltbore caising 200 and an open hole welibore secGon 205 
are positioned within a subterranean formation 210. The wellbore casing 200 and 
the open hole wellbore section 205 may be positioned in any orientation from the 
vertical direction to the horizontal direction. 

An apparatus 215 is utilized to couple an expandable tubular member to an 
20 end portion of the weHbore casing 200. In this manner, the open hole wellbore 
section 205 is provided with a cased portion. More generally, the apparatus 215 fe 
preferably utilized to form or repair wellbore casings, pipelinps, or structural 
supports. 

The apparatus 215 preferably includes a first support member 220, a second 
25. support member 225. an expansion pone 230. an anchoring device 235. an 
expandable tubular member 240, one or mem upper sealing members 245. one or 
mors lower seaUng rnembera 250. and a flexible oxipUng e^^ 

The first support member 220 is preferably adapted to be coupled to a 
surface location. The first support member 220 te further coupled to the anchor^ 
30 device 235. The first support nnember 220 is prsferably adapted to convey 
pressurized fluidic nrtaterials an(i/<x electrical cunBnt and/or communication signate 
from a surfeoe location to the anchoring device 235. The first support member 220 
may. for example, be conventional commerdaDy available slide wire, braided wire, 
coiled tubing, or driUir^ stodc material. 
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The second support member 225 is preferably adapted to be coupled to a 
surface location. The second support member 225 Is further coupled to the 
expansion cone 230. The second support member 225 is preferably adapted to 
permit the expansion cone 230 to be awally displaoed relative to the flist support 
S member220. The second support member 225 may. for example, be conventional 
commercially available slick v*e, braWed vwre, coiled tubing, or drilling slock 
material. 

The support member 220 Is telescoplcally coupled to the support member 
225. and the support member 225 is coupled to a surface support structure. 
10 The expansion cone 230 Is coupled to the second support member 225. The 

expansion cone 230 is preferably adapted to radiaDy expand the expandable tubular 
member 240 when the expansion cone 230 Is axially dbplaoed relative to the 
expandable tubular memtwr 240. 

The anchoring device 235 Is coupled to the first support member 220. The 
15 anchoring <levlce 235 Is preferably adapted , to be cohtiollably coupled to the 
expandable tubular member 240 and.the open hole weObore sectton 205. In this 
manner, the anchoring device 235 preferably controBably anchoia the expandable 
tubular member 240 to the open hole vwUbore sedfen 205 to fedHtate the radial 
expansion of the expandabte tubular member 240 by the axial displacement of the 
20 expansion cone 230. The anchoring device 235 Includes one or more expandable 
elements 260 that are adapted to controliably extend from the body of the aiK*K)ri 
devk» 235 to engage both the flexible coupling element 255 and the open hole 
weHbore section 205. The expandabte etemenls 260 are actuated using flukllc 
pressure. The anchoring devkse 235 Is any one of the hydraulteally actuated 
25 packere commercially avaMabte from Halliburton Energy Servkjes or Baker-Hughes. 

The expandable tubular member 240 is removably coupled to the expanston 
oone23a The expandabte tubular member 240 is further preferably coupled to the 

fle)&te coupling elemerit 255. 

The expandabte tubular member 240 further tnchxies a tower sectton 265. an 
30 Intermediate section 270. and an upper section 275. The tower sectton 265 Is 
coupled to the ftexible coupling element 255 In order to provkle anchoring at an end 
portion of the expandable tobuter member 240. The wall tWckness of the tower and 
intem^ediate secttons. 265 and 270. are tess than the wall thk:kness of the upper 
sectton 275 in enter to optimally ooupte the radially expanded portton of the 
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expand£rt>i8 tubular member 240 to the wellbore casing 200 and the opm hole 
wettbora section 205. 

The upper sealing members 245 are coupled to the outer surface of the 
upper portion 275 of the expendable tubular member 240. The upper sealing 
5 members 245 are preferably adapted to engage and fluididy seal the intarfece 
between the radially expanded expandable tubular member 240 and the vmllbore 
casing200. The apparatus 215 includes a plurality of upper sealing niembers 245. 

The lower sealing members 250 are coupled to the outer surface of the 
upper portion 275 of the expandable tubular member 240. The ioMfer sealing 
10 members 250 are preferably adapted to engage and Huldldy aeai the interftee 
between the radiaily expancted expandable tubular member 240 and the open 
wellbore section 205. The apparatus 215 includes a plurality of lower sealing 
members 250. 

The fittdble coupling element 255 is coupled to the lower portion 265 of the 

15 expandable tubular member 240. The flexible coupling element 255 is prefeFat>ly 
adapted to radially expanded by the anchoring device 235 into engagement within 
the walls of the open hole wellbore section 205. In this manner, the lower portion 
265 of the expandable tubular member 240 is coupled to the walls of the open hoie 
wellbore section 205. The flexibie coupling element 255 is a slotted tubular 

20 member. The flexible coupOng element 255 includes one or more hook elements for 
engaging the wdls of the open hole wellbore section 205. 

As mustrated in FIG. 2a. the an>arertus 215 is prsferabty positioned with the 
expandable tubular mendier 240 positioned In overtappbig relation with a portion of 
the wellborB casing 200. In this manner, the radially expanded tubular member 240 

25 Is coupled to the lower portion of the weSbofs casing 200. The upper sealing 
members 245 am positioned in opposing relation to the lower portion of the wellbore 
cuing 200 and the lower sealing members 250 are posilioned in opposing relation 
to the wans of the open hole weBbors section 205. in this manner, the interfaoe 
between the radially expanded tubular member 240 and the wellbore cesing 200 

30 and open hole wellbore section 205 is optimally fluldicly sealed. 

As illustrated in FIG. 2b. the amtaiatus 215 is then anchored to the open 
hole wellbore section 205 usir^ the anchoring device 235. The anchoring device 
235 is pressurized and the expandable element 260 is radially extended from the 
anchoring device 235 causing the flexible coupling element 255 to radially expand . 

35 into intimate contact with the waHs of the open hole weHbore section 205. In Ihte 
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manner, the Iwner secUon 265 of the expandable tubular member 240 is removably 
coupled to the walls of the open hole wellbore section 205. 

A compressible cement and/or epoxy is then Injected hrto the annular space 
between the unexpended portion of the tubular member 240 and the weBbore casing 
5 100 and/or the open hole wellborB section 205. The compressible cement and/or 
epoxy is then pamHtled to at least partially cure prior to the Initiation of the radial 
expansion process. In this manner, an annular structural support and fluidic seal is 
provided around the tubular member 240. 

As illustrated In iFIG. 2c the expansion cone 230 is then axlally displaceid by 
10 applying an axial force to the second support member 225. The axial displacement 
of the expansion cone 230 radially expands the expandable tubular member 240 
Into intimate contact with the walls of the open hole wellbore section 205. 

As IBustrated in FIG. 2d. the axial displacement of the expansion cone 230 is 
enhanced by injecting a pressurized fluidic material into the annular space be^men 
15 the first support member 220 and the second support member 225. In Ws m«wer. 
an upward axial force is applied to the lower annular face of the expansion cone 230 

using the pressurized fluidic material. In this manner, a temporary need Ibr 
increased axial force during the radial expansion process can be easily satisfied. 
As illustrated m FIGS. 2e and 2f. after the expandable tubular member 240 
20 has been radially expanded liy the axial displacement of the expansion cone 230, 
the first sup|k)rt member 220 and the anchoring device 235 are preferably removed 
from expandable tubular member 240 by denaressurizing the anclwring device 235 

and then lifting the firel support member 220 and anchoring deWoe 235 from the 
welibore casing 200 and the open hole wellbore secfion 205. 

25 Referring to FIGS. 3a. 3b. 3c and 3d. a method and apparatus for coupling 

an expandable tubular member to a preexisting stnicture will be described. 
Referring to Fig; 3a. a vwllbore casing 300 Is positioned within a subterranean 
fbnnation 305. The v^llbore casing 300 may be positioned In any orientation from 
the vertical direction to the horizontal direction. The weObore casing 300 further 

30 includes one or more openings 310 that may have been the result of unintentional 

damage to the wellbore casing 300. or due to a prior pertbratlon or fraduring 
operation performed upon the surrounding subtenanean fonnatlon 305. Asvrillbe 
recognized by persons having ordinary skUi in the art. the openings 310 can 
adversely affect the subsequent operation and use of the v*eBbore casing 300 
35 unless they are sealed off. 
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An apparatus 315 is utilized to seal off the openings 310 in the wellbore 
. casing 300. More generally, the apparatus 315 is prefsrably utilized to fonn or 
repar w^eHbore casings, pipelines, or structural supports. 

The aj^ratus 315 preferably includes a support meiTrt>er 320, an expansion 
5 cone 325. an anchoring de\noe 330. an e}(pandat)le tubular rne^ 
more sealing members 340. 

The support member 320 is preferably adapted to be coupled to a surface 
location. The support member 320 is further coupled to the expansion oone 325 
and the anchoring device 330. The support member 320 Is preferably adapted to 
10 convey pressurized fluidic materials and^or electrical cunent and/or oommur^cation 
signals from a surfeoe location to the anchoring device 330. The support member 
320 may, for exanrtple, be conventionai commercially available slick wire, braided 
wire, coiled tubing, or drHHng stodc material. 

The expansion cone 325 i^ . coupled to the support member 320. The 
15 expansion cone 325 is preferably adapted to radially expand the expandabte 

member 335. when the expansion cone 325 is axlally displaced relative to the 
expandable tutHJiar member 335. 

The anchoring device 330 is coupled to the support member 320 and the 
expansion oone 325. The anchoring device 335 Is preferably adapted to conlrollairiy 
20 coupled to the expandable tubular member 335 to the vveHbore casing 300. In this 
manner, the anchoring de^ 330 preferably controllably anchors the expendable 
tubular member 335 to the wellbore casing 300 to facilitate the radial expansion of 
the expandable tubirfar member 335 by the axial displacement of the expansion 
cone 325. The anchoring device 330 Includes one or mors e)q)andable elwnents 
25 345 that are adapted to controllably extend finom the body of the anchoring device 
330 to radially dlspboe OHrespondlng engagement elements 350 provided in the 
expandable tubular nrienrri)er 335. The radial displacement of the engagement 
elements 350 couples the expandable tubular member 335 to the wellbore casing 
300. The expandable elements 345 are pistons that are actuated ustog fluidic 
.30 pressure. The anchoring device 330 is any one of the hydraulically actuated 
anchoring devices conunercially availabte from Halliburton Energy Services or 
Baker-Hughes. 

The expandable elements 345 are explosive devices that controil^ 
generate a radially directed explosive force for radially displacing the engagemmt 
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elements 350. The explosive expandable elements 345 are shaped explosive 
charges oommerdaHy avail^le from Helllburton Energy Services. 

The expandable tubular member 335 is removably coupled to the expansion 
0000325. The expandable tubular menriber 335 includes one or iTwreengageinent 
5 devices 350 that are adapted to be radially displaced by the anchoring device 330 
into engagement with the walls of the weUbore casing 300. In this manner, the 
expandable tubular member 335 is coupled to the weHbore caskig 300. The 
engagement devices 350 include teeth for biting into the surface of the wellbore 
casing 100. 

10 The expandable fajbularnMrnber 335 further includes a lower section 355, an 

intemfiediate section 360. and an upper section 365. The lower section 355 Includes 
the engagement device 350 in order to provide anchoring at an end portion of the 
expandable tubular member 335. The wall thidaiess of the lower and intemiediata 
se<^ions. 355 and 360. are less than the waH thidmess of the upper section 365 in 

15 order to optimally couple the radierfiy expanded portion of the «(pandable tubular 
member 335 to the welibore casing 300. 

The sealing members 340 are coupled to the outer surfeoe of the upper 
portion 365 of the expandable tubular member 335; The sealing members 340 are 
preferably adapted to engage and fluididy seal the interface between the radially 

20 expanded expandable tubular member 335 and the wellbore casing 300. The 
apparatus 315 indudes a plurality of sealing members 340. The sealing members 
340 surround and isolale the opening 310. 

As fllustrated in RG. 3a. the apparatus 315 is preferably positioned wNNn the 
wellbore casing 300 with the expandable tubular member 335 positioned In 

25 opposing relation to the opening 310. The appaatus 315 indudes a plurality of 
sealing members 340 that are positioned above and below the opening 310. inthis 
rnanner. the radial expansion of the expandable tubular rnember 335 optimaOy 
fluididy isolates the opening 310. 

As OlustFBted in FIG. 3b, the expandable tubular member 335 of the 

30 apparatus 315 is then anchored to the weMxxe csing 300 usbig the anchoring 
device 330. The anchoring device 330 is pressurized and the expandable element 
345 is extended from the anchoring device 330 and radially displaces the 
corresponding engagement elements 350 <rf the expandable tubular member 335 
into intimate oontad with the welBxxe casing 300. In this manner, the lower section 

35 355 of tfie expandable tubular member 335 is coupled to the weObore casing 300. 
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A compressible oeinenl and/or epoxy Is then injected Into the am 
between the une)q>anded portion of the tulHilar member 335 and the 
300. The oompiesslbte cement and/or epoxy Is then perniHlBd to at least partially 
cure prior to the Initiation of the radial expansion process. In this manner, an 
5 annular structural support and fluWIc seal is provided around the tubular member 
335. 

As Illustrated in FIG. 3c. the anchoring device 330 is then deactivated and 

the expansion cone 325 Is axlally displaced by applying an axial force to the support 

member 320. The deactivation of the anchoring device 330 causes the expandable 

10 elements 345 to radially retract Into the anchoring device 330. Altemath^ly, the 

expandable elements 345 are reslllenlly coupled to the anchoring device 330. In 

this manner, the expandable elements 345 retract automatkayy upon the 

deactivation of the anchoring device 330. The axial displacement of the expansion 

cone 325 radiaBy expands the expandable tubular member 335 into intlmata contact 

1 5 with the walls of the wellbore casing 300. 

As Ulustrated In FIG. 3d. alter the expandable tubular member 335 has been 

. radially expanded by the axial displacement of the expansion cone 335. the support 
member 320. expansion cone 325. and the anchoring device 330 are preliBrably 
removed from the expanded expandable tubular member 335; 
20 The opening 310 In the weHbore casing 300 is sealed off by the radially 

expanded tubular mertber 335. In this manner, repaiis to the wellbore casing 300 
are optimally provided. More generally, the apparatus 315 Is used to repair or form 

wellbore casings. pipeBnes, and stnidural supports. 

Referring to RG. 4, a system 400 for applying an axial force to the expansion 

25 cones 130. 230. and 325 Indudes a lifting device 406. a first support member 410, a 
shodc absort>er 415. and a second support member 420. The system 400 is 
adapted to minimize the transfer of shock loads, created during the completion of 
the radial expansion of tubular members by the expansion cones 130, 230. and 325. 

to the lifting device 405. In this manner, the radial expansion of tubular membere by 
30 the expansion cones 130. 230 and 325 is provWed in an optimalV safe manner. 

The lifting device 405 is supported at a surface locaBon and is coupled to the 
first support member 410. The Wting device 405 may comprise any number of 
conventional eonroercially avallabte lifling devices suitable fbr manlpulaling tubular 
membere vwltttin a welibore. 
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The first support member 410 Is coupled to the lifting device 405 and the 
. shodc al)sort)er 415. The first support member 410 may comprise any number of 
conventional commercially avallable support members such as. for example. coBed 
tubing, a drffl string, a wireline, braided Mn're. or a slick line. 
5 The shock absorber 415 Is coupled to the first support member 410 and the 

second support member 420. The shock absorber 415 is preferably adapted to 
absorb shodc loads iransmitied finom the second support member 420. The shock 
absorber 415 may be any number of conventtonal commercially available shock 
absorbers. 

10 The second support member 420 is coupled to the shock absorber 415. The 

second support member 420 is further preferably adapted to be coupled to one or 
more of the expansion cones 130. 230 and 325. 

During operation of the system 400. the lifting devtoe applies an axial force to 
one of the expansion cones 13Q. 230. and 325 in order to radially expand tubular 

15 members. Upon the completion of the radial expanston process, wtwn the 
expansion cones 130. 230 and 325. exit the radially expanded tubular membere, the 
sudden shock k>ads generated are absort>ed. or at least minimized, by the shock 
absorber 415. In this manner, the radial expansion of tubular members by pulling 
the expansion cones 130. 230 and 325 using the lifting devkse 405 is provided in an 

20 optimally safe manner. 

Refening to RG. 5, a coupling system 500 for use in the expandatte tubular 
members 140, 240. and 335 will now be described. The system 500 includes an 
upper ring 505. a sealing element 510. and a tower ring 515. The upper ring 505. 
the sealing element 510. and the tower ring 515 are provided on the outer surtaoes 

25 of the expandable tubular members 140, 240. and 335. In this manner, when the 
expandd)le tubular members 140, 240 and 335 are radially expanded, the upper 
ring 505. the sealing element S10. and the lower ring 515 engage the interior 
surface of the preexisting stmcture that the expandiMe tubular mendieis 140. 240 
and 335 are coupled to. The upper and tower rings. 505 and 515. penetrate the 

.30 interior surfece (rf the preexteting structure that the expandable tubidar members 
140. 240 and 335 are oot^led to in order to optimally anchor the tubular mefri)ers 
140. 240 and 335 to the preexisting structure. The sealing element 510 is 
compressed into contKt with the interior surface of the preexisting structure that the 
expandable tubular members 140, 240 and 335 are coupled to in order to optimaily 
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fluidldy seal the Interface betv-een the tubular members 140. 240 and 335 and the 

preexisting stnidure. ^ 
The upper and lower rings. 505 and 515. extend from the outer surfaces 

the tubular members 140. 240 and 335 by a distance of about 1/64 to % inches. 

5 The upper and lo^er rings. 505 and 515. extend about W from the outer surf^ 

of the tubular members 140. 240. and 335 In order to optimally engage the 

preeidsling structure. 

The sealing element 510 extends from the outer surfaces of the tubular 
members 140. 240 and 335 by a distance substantially equal to the extension of the 

10 upper end lower lings. 505 and 515. above the outer surfaces of the tubular 
,„embe« 140. 240 and 335. The seating element 510 Is fabricated from rubber in 
order to optimally fluidldy seal and engage the preexisthig strudure. 

The tubular members 140. 240 and 335 indude a plurality of the coupling 
■ systems 500. The coupfing systems 500 are provided on the lower, intemiediate. 
15 and upper portions of the tubular members 140. 240. and 335. 

Referring now to FIG. 6. an expandable tubular member 600 for use In the 
apparatus 115. 215 end 315 will be describod. The tubular member 600 preferably 
Indudes e lower portion 605. an intemriediate portion 610. and an upper por^ 

The lower portion 605 is coupled to the IntemiedlatB portion 610. Thelower 
20 portion 605 Is further adapted to mate with the anchoring devices 135. 235. and 
The lower portion 605 further preferably indudes one or more slotted portions 62 
for fadlitating the mdial expansion of the lower portion 605 by the endxxing de^ 
135 235.end330. In this manner, the tower portion 605 of the tubuler member 600 
is preferably radially expanded by the andwring devices 1 35. 235. and 330 Into 
cortadwUhthepreexlstlngstructure. Furthermore, in this manner, the tower portton 
605 of the tubular member 600 Is am*iored to the preexisting stnidure prior to the 

IniBaBon of the radal expansion process. 

The intem«dlate portton 610 is coupled to the tower portton 605 end the 
upper portion 615. The waU thldcnesses of the tower and mtennediate porttons. 605 
30 and 610. are less than the waM thldmess of the upper portton 615 in order to 
fadtttate the radial expanston of the tubular merriber 600. The tower and 
intemiediate portions. 605 and 610. are preexpanded to mate with the expanston 

Referring to FIG. 7. an expandabte tubular member 700 for use in the 
apparetus 115. 215 and 315 wiU be described. The tubuler member 700 minimfaes 
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the shock loads created upon the completion of Ihe radial expansion process. The 
tubular menil)er 700 Includes a lower portion 705. a lower transttionary portion 710, 
an bitenmediate portion 715. an upper transttionary portion 720. an upper portion 
725. and a sealing element 730. 

5 The towwr portion 705 Is coupled to the lower transttionary portion 710. The 

lower portion 705 is prefsrably adapted to mate with the expansion oone and the 
anchoring device. 

The lower transiUonary portion 710 is coupled to the lower portion 705 and 
the intermediate portion 715. The lower transilionaiy portton 710 adapted to mate 
10 with the expansion cone. The wall thicknesses of the lower portion 705 and the. 
lower transttionary portion 710 are tess than the wan thicknesses of the intemwdiate 
porlkm 715, the upper transttionary portion 720 and the upper portkxi 725 in order to 
optimally fadlttato the radial expansion process. 

The intermediate portion 715 is coupled to the tower transttionary portton 710 
15 and the upper transtttonary portion 720. The out&ide diameter of the intefniedlate 

portton 715 is toss than the wall thteknesses of the tower portton 705 and the upper 
portton 725. 

The upper transittonary portion 720 is couptod to the intemwdiate portton ■ 
715 and ihe upper portton 725. 

20 The upper portton 725 is coupled to the upper transittonary portion 720. 

The sealing etement 730 is coupled to the outskte surface of the 
intennediate portton 715. The outsMe diameter of the sealing element 730 is less 
than or equal to the outskte diameter of the toMer portion 705 and the upper portton 
725 in order to optimally protect the seaitog etement 703 during placement of the 
25 tulNJter member 700 within the prendstirig structure. 

Ouring the radtel expanston of the tubi4ar member 700 using the apparatus 

115. 215 and 315. the preexpanston of the upper transittonary portkm 720 and the 
upper portton 725 reduces the shock loads typfcaHy oBated during the end portton 
of the radtel expanston process, in this manner, the radtel expanston process to 
30 optimally provkted in a sate manner. Furthermore, because the sealing etement 730 
is preferably recessed bekw the surteces of the lower portion 706 and the upper 
portton 725, the sealing etement 730 is optimally protected from damage during the 
placement of the tubuter member 700 within the preexisting structure. 
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Referring to FIG. 8, an expandable hd>uiar member 800 for use in the 
apparatus 1 15, 215 and 315 wVI be described. The tubular member 800 preferably 
includes a lower portion 805. an intenmediate portion 810, and an upper portion 815. 
The lower portion 805 te coupled to the intermediate portion 810. The \w/er 
5 portion 805 Is further adapted to niate with the expansion cones 130, 230, 325 arKi 
the anchoring devices 135, 235, and 330. The intenmdiate portion 810 is coupled 
to the lower portion 805 and the upper portfon 815. The wall thidcnesses of the 
lower and Intermediate portions. 805 and 81 0, are less than the wall ttndmess of the 
upper portion 815 in order to fecHitate the radial expansion of the tubular member 

10 800. The lower and interrnedlate portions, 805 and 810. are preexpanded to nriate 
with the expansion cone. 

The upper portion 815 is coupled to the intemiediate portion 810. The upper 
portion 815 further preferably includes one or rrxxe slotted portions 820 for 
fadlitating the radial expansion of the u|^r portion 815 by the expansion cones 

15 1 30, 230, and 325. In the manner, the upper portion 815 of the tubular member 800 
is preferably radially expanded by the expansion cones 130. 230, and 325 with 
minimal shodc loads when the expansion cones 130, 230 and 325 exit the 
expandable tubular member 800. 

Referring to FIG. 9. a method of applying an axial force to the expansion 

20 cones 130. 230. and 325 wni now be described. The axial displacement of the 
expansion cones 130, 230. and 325 during the radial expansion process is pn^Med 
by applying an axial force to the expansion cones 130. 230. and 3K. The axial 
force provided Includes the application of a substantially constant axial force for 
some time periods and the appGcation of increased axial force for other Vme periods 

25 in order to optimally fadHtate the radial expansion process by nrtinimizbig the effects 
of friction. The application of the increased axial force is.provided on a periodic 
basis in order to c^timaOy provide a variable contsK:t area between the expansion 
cone and the tubular member being expancfed. The application of the Increased 
axial force is provided on a random basis in order to optimally provide a variable 

30 contact area between the expansion cone and the tubular member being expanded. 
The duty cyde of the application of constant arxl fncreased axial forces ranges from 
about 90/1 0 % to 60/40 % in order to optimally radtaOy expand the tubular members. 
The ratio of the irtcreased axial force to the substantially constant axial force ranges 
from about 1.5 to 1 to about 4 to 1 in order to optimaily provide a variable contact 

35 area between the expansion cone and the tubular member being expanded, 
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promote mofe even vwar of the expansion cone, and dean debris from the 
expansion oone surfece. 

Referring to FKSS. 10a to 101. an apparatus and nnethod for fonning a 
weHboce casing vxili now be described. As Illustrated in FIG. lOa. a wellbore casing 
5 1000 and an open hole vneBbore section 1005 are provided in a subterranean 
fonnation 1010. The wellbore casing 1000 and open hole weBbore section 1005 
may be orientated at any orientation ranging from the vertical to the horizontal. A 
new section of wellbom casing is fonned in the open hole y«llboie section 1005 
using an apparatus 1015. ktore generally, the apparatus 1015 is utHized tofbmi.or 
10 repair wellbore casings. pipeHnes. or structural supports. 

The apparatus 1015 preferably includes a first support member 1020. a 
second support member 1025. an expansion cone 1030; an anchoring device 1035. 
an expandable tubular member 1040. one or more upper sealing membere 1045. 
one or more lower sealing members 1050. and a flexible coupling eleinent 1055. 
15 The first support msmber 1020 is F^feraWy adapted to be oouplBd to a 

surface location. The first support member 1020 is further coupled to the anchoring 
device 1035. The firel support member 1020 is preferably adapted to convey 
pressurized fluidic materials and/or electrical cunent and/or communication signals 
from a surface localion to Ihe anchoring device 1035. The first support member 
20 1020 may. for example, be oonvenBonal commereially available slick wire, braided 
wire, coiled tubing, or driilinO slock material. 

The second support member 1025 is preferably adapted to be coupled to a 
surface kxalion. The second support member 1025 is further coupled to the 
expanston cone 1030. The second support member 1025 is preferably adapted to 
25 pern* the expansion cone 1030 to be axially displaced relative to the firet support 
member 1020. The second support member 1025 may. for example, be 
conventionai commereially available sifck wire, brektod wire, coiled tubing, or drilling 
stock neterial. 

The support member 1020 is tolescopfcally coupled to the support member 
30 1025, and the support rnernber 1025 is coupled to a surface support member. 

The expansion cone 1030 is coupled to the second support member 1025. 
Tt» expansion cone 1030 is preferably iwJapted to radially expand the expandable 
tubular member 1040 when the expanston cone 1030 is axially displaoed relative to 
the expandable tubular member 1040. 
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The anchoring device 1035 is coupled to the first support meniber 1020. 
The anchoring device 1035 is preferably adapted to be controliabiy coupled to the 
expandable tubular member 1040 and the open hole ^boie section 1005. In this 
marmer, the anchorto)g device 1035 preferably controliabiy anchors the expandable 
5 tubular member 1040 to the open hole w/eUbore section 1005 to fadlitale the radial 
expansion of the expandable tubular member 1040 by the axial displacement of the 
expansion cone 1030. 

The anchoring device 1035 includes one or more expandable elementa 1060 
that are adapted to controliabiy extend from the body of the anchoring device 1035 
10 to engage both the flexible coupling element 1055 and the open hote wellbore 
section 1005. The expandable elements 1060 are actuated using fluidic pressure. 

The anchoring device 1035 further includes a fluid passage 1036 adapted to 
receive a ball plug or other sinrular vaMng etmient In this manner, fluidic materials 
can be exhausted from the anchoring device 1035 and the fluid passage 1036 can 
15 be controliabiy plugged. The anchoring device 1035 is any one of the hydrauHcaHy 
actuated pad^ers commercially available from HaWburton Energy Services or Baker* 
Hughes, nxxiified in accordance with the teachings of the present disclosure. 

The anchoring devices 135, 235. and 330 are also modified to includes a 
fluid passage that can be controliabiy plugged in order to pennit fluidic materials to 
20 be exhausted from the anchoring devices 1 35. 235. and 330. 

The expandable tubular member 1040 is removably coupled to the 
expansion cone 1030. The expandable tubular member 1040 is further preferably 
coupled to the flexible coupling element 1055. . 

The expandable tubular member 1 040 further includes a lower seciibn 1 065. 
2$ an intemnediate section 1070, and an upper section 1075. The lower section 1065 
is coupled to the flexible coupUng element 1 055 in oider to provide anchoring at an 
end portion of the expandable tubular member 1040. The wbI thickness of the. 
lower and intermediate sections. 1065 and 1070. are less than the wall thickness of 
the upper section 1075 in order to optmaUy couple the radtaOy expanded portton of 
30 the expandable tubular member 1040 to the wdlbore casing 1000 and the open 
hole wellbore sectton 1005. 

The expandable tubular memb^ 1040 is further provided in accordance with 
the teachings of expandable tubular members described above and illustrated in 
FIGS. 5^. 
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17)0 upper sealing menrfters 1045 are coupled to the outer surface of the 
upper portion 1075 of the expandable tubular member 1040. The upp^r sealing 
members 1045 are preferably adapted to engage arKl fluldidy seal the interface 
between the radially expanded expandable tubular member 1040 and the wellbore 
5 casmg 1000. The apparatus 1015 includes a plurality of upper seating members 
1045. 

The lower sealing members 1050 are coupled to the outer surface of the 
upper portion 1075 of the e)9»andable tubular membw 1040. The lower sealing 
members 1050 are preferably adapted to engage and fluididy sed the interface 
10 between the radially expanded expandable tubular men^r 1040 and tte open 
welbore section 1005. The apparatus 1015 includes a plurality of lower sealing 
members 1050. 

The flexible coupling element 1055 is coupled to the lower portton 1065 of 
the expandable tubular member 1040. The flexible ooupHng element 1055 is 

15 preferably adapted to radially expanded by thQ anchoring device 1035 into 
engagement within the walls of the open hole wellbore section 1005. In this 
manner, the lower pc»rtion 1065 of the expandable tubular nf>ember 1040 is coupled 
to the wals of the open hole wellbore section 1005. The flexible coupling element 
1055 is a slotted tubular member. The flexibte coupling element 1055 includes cme 

20 or more hook elements for engaging the walls of the open hole wellbore section 
1005. 

As yiustrated in FIQ. 10a. the apparatus 1015 is preferably positioned with 
the expandable tubular mmiber 1040 positioned in overlapping relation with a 
portion of the wellbore casing 1000. In this manner, the r^ially expanded tubular 

25 member 1040 is oouptod to the lower portion of the wellbore casing 1000. The 
upper seaBng menters 1045 are positioned in opposing relation to the lower portion 
of the wellbors casing 1000 md the lower sealing members ^OSO are positioned in 
opposing relation to the walls of the open hote wellbore section 1005. In this 
manner, the interfeoe between the radially expanded tubular member 1040 and the 

30 weBbore casing 1000 and open hote weBbora section 1005 is optimally fluididy 
sealed. 

As iUustrated in FIG. 10b. A quantity of a nor>-hardenabto fiuidic material is 
then irijected into amJ then out of the apparatus 1015. The r>orvhardenat)le material 
is discharged from the apparatus 1015 using the vaiveat>te flow p»sage 1065. The 
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non-hardenable fluidic material may be any number of conventional commercially 
available fluidic materials such as, for example, drilling mud. 

As niietiatBd In FIG. 10c. A quantity of a hardenable fluidic sealing material 
is then injected Mo and out of the apparatus 1015. The hardenable fluidic sealing 
5 material Is exhaisted from the apparatus 1015 using the valveable flow passage 
1065. The hanlenable fluidic sealbig material Is penfnitted to con4)leteiy fiD the 
annular space between the tubular member 1040 and the open hole weHbore 
section 1005. The hadenable fluidic sealing material msy be any number of 
conventional commercially available materlais such as. for example, cement slag 
10 mix and/or epaxjf resin. In this manner, a fluidic sealing annular element Is provided 
around the radially expanded tubular member 1040. 

As illustrated in FIG. 10d, Another quantity of a non-haidenable fluidic 
material is then injected into and out of the apparatus 1015. A ball plug or dart 
1080, or other similar fluid passage blocking device, Is placed into the non- 
15 hardenable fluid material. The ball plug 1080 then seats in and seats off the 
valveable AlM passage 1065. In this manner, the anchoring device 1035 is then 
pressurized to anchor the tubular member 1040 to the open hole wellbore section 
1005. 

The valveable fluid passage 1065 includes a remote or pressure activated 
20 valve for seeing df the valveable fluid passage 1065. 

As aiustFalBd In FIG. lOe, The apparatus 1015 is then anchored to the open 
hole weHbore section 1005 using the anchoring device 1035. The anchoring devioe 
1035 is pressurized and the expandable element 1 060 Is radially extended from the 
anchoring devioe 1035 causing the ftadbie oouplir^ element 1055 to radially eicpand 
25 into intimate contact wHh the waNs of the open hole wellbore section 1005. In this 
manner, the lower section 1065 of the expandable tubular member 1040 is 
removably coupled to the w^ of the open fide weHbore section 1005. 

As Ulustralsd in RG. lOf. the expansion oone 1030 is then axlaily displaoed 
by applying an axial force to the second support mentf)er 1025. The axial 
30 dtsplaoement of the expansion cone 1030 radially expands the expandaUe tubular 
member 1040 into intimate contact with the walls of the open hoto wellbore section 
1005. 

As iih^trated in FIG. lOg. the axial displacement of the expansion cone 1030 
is enhanced by injecting a pressurized fluidic material into the anmriar space 
35 between the first support member 1020 and the second support member 1025. in 
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this manner, an upwarti axial force is appUed to the lower annular fece of the 
e)q)ansion cone 1030 using the pressurized fluWIc material. In this manner, a 
temporary need for Increased axial force during the radial expansion process can be 
easily scMsfied. 

5 The. hardenable fluidic sealing material is then pennitted to at least partial 

cure. 

As aiustrated m FIGS. lOh and 101, after the expandable tubular member 
1040 has been radially expanded by the axial displacement of the expansion cone 
1030. the first support member 1020 and the anchoring device 1035 are preferably 
10 removed from expandable tubular member 1040 by dei)ressuri2ing the anchoring 
device 1035 and then lifting the first support member 1020 and anchoring device 
1035 from the vi«nbore casing 1000 and the open hole vwllbore sedlon 1005^ 

The rBsultIng new section of weBbore casing Includes the radially expanded 
tubular member 1040 and the outer annular layer of the cureil fluWIc sealing 
15 material. In this manner, a new. section of v»«llbore casing Is o^^ 

More generally, the apparatus 1015 Is used to form and/or repair weBbore casing 

pipelines, and stnjctural supports. 

Referring to FIGS. 11a to 11g. an apparatus and method for coupling an 
expandable tubular member to a preexisting sbijcture will now be described. 
20 Referring to Fig. 11a. a weBbore casing 1100 is posittonedw^ 

fonnatton 1105. The wallbore casing 1100 may be positioned in any orientation 
ftam the vertical dhBObon to the horizontal dlrectioa The weUbore casing 1100 
further includes one or more openings 1110 that may have been the result of 
unintentional damage to the wBHbore casing 1100. or due to a prior perforation or 

25 faring opeiBtion perfonned upon the sunouruting subterranean fom^alion 1105. 
As >win be recognized by persons having ordinary skin m the art. the openings 1110 

can adversely affect the subsequent operation and use of the welibore casing 1100 

unless they are sealed cXf. 

An apparatus 1115 is utilized to seal off the openings 1110 In the weHbore 
30 casing 1100. fwtore generally, the apparatus 1115 Is preferably utilized to fonn or 
repair welibore casings, pipelines, or stroclural supports. 

The apparahis 1115 pieferabiy Includes a first support member 1120. a 
second support member 1 125. an expanston cone 1 130. an anchoring device 1 135. 
and expandable tabular member 1 140. and one or more sealing members 1 145. 
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The first support member 1120 is preferably adapted to be coupled to a 
. surfeoe location. The first support member 1120 Is further coupled to the anchoring 
device 1135. The first support member 1120 is preferably adapted to convey 
pressurized fluidic materials and/or electrical current and/or communication signals 
5 from a surfeoe location to the anchoring device 1135. The first support member 
1120 preferably has a substantially holiow annular cross sectional shape. The first 
support member 1120 may. for example, be fabricated from conventional 
commerciaily available slide wire, braided wire, coiled tubing, or drilling slodc 
material. 

10 . The second support member 1125 is preferably adapted to be coupted to a 
surface location. The second support member 1125 is further coupled to the 
expansion oone 1130. The second support member 1125 is pr^eraUy adapted to 
permit the expansion cone 1130 to be axiaiiy displaced relative to the first support 
member 1120. The. second support member 1125 may, for example, be 

15 conventional commercially available slide wire, braided wire, coiled ttd)ing, or drilling 
stodc material. 

The first support member 1120 is coupled to a surface location by a slip Joint 
and/or sliding sleeve apparatus that is ooncentrically coupled to the second support 
member 1125. 

20 The expansion oone 1130 is coupled to the second support member 1125. 

. The expansion oone 1130 is preferably adapted to radially expand the expandable 
tobular member 1 140 when the expansion cone 1 1 30 is axially displaced relative to 
the expandable tubular member 1 140. 

The anchoring device 1135 is coupled to the firat support member 1120. 

25 The anchoring device 1135 is preferably adapted to be controHably coupled to the 
expandable tubular member 1140 and the welRxxe casing 1100. In INs manner, the 
• anchoring devioe 1135 preferably controllat>ly anchore the expandable totiular 
member 1140 to the wellbore casing 1100 to fedOtate the radial expansion of the 
expandable tubular member 1140 1^ the axial displaoement dt the expansion oone 

.30 1130. The anchoring device 1135 indudes one or more expandable elenients 11 
that are adapted to oontroUably extend from the body of the arK:horing device 1135 
to engage both the expandable tubular memt>er 1 140 and the weflbore casing 1 100. 
The expandable elements 1150 are actuated using fluxlic pressure. The anchoring 
devioe 1 135 is any one of tte hydraulically actuated packers commercially availabie 



31 



t 
t 

• * 



from Halliburton Energy Services w Baker-Hughes modified in accordance with the 
teachings of the present disclosure. 

The expandable tubular member 1140 Is removably coupled to the 
expansion cone 1130. The expandable tubular member 1140 is further preferably 
5 adapted to be removably coupled to the expandable elemental ISO of the anchoring 
device 1135. The expandable tubular member 1140 includes one or more 
anchoring windoim 1155 for pemittting the expandable elements 1150 of the 
anchoring device 1135 to engage the weHbora casing 1100 and the expandable 
tubular member 1 140. 

10 The expandable tubular member 1140 further includes a lower secHon 1160. 

an intemwdiate section 1165, and an upper section 1170. The lower section 1160 
rests upon and is supported by the eiqpension cone 1130. The Intermediate section 
1165 indudes the anchoring widows 1155 in order to provide anchoring at an 
. mtermediate portion of the expandable tubul«'nnember 1140. 

15 The sealing members 1145 are coupled to the outer surfece of the 

expandable tubular member 1140. The sealing members 1145 are pr^erably 
adapted to engage and fluididy seal the interface between the radially expanded 
exparwJable tubular member 1140 and the wellbore casing 1100. The apparatus 
1115 includes a pliAaflty of seaHng members 1145. The saaHng members 1145 

20 surround and teolate the opening 1110. 

As yiustraled in FIG. 11a. the apparatus 1115 is preferably positioned within 
the wellbore casing 1100 wHh the expandable tubular member 1 140 positioned in 
opposing relation to the opening 1110. The apparatus 1115 includes a plurality of 
sealing members 1145 that are posilioned above and below the opening 1110. In 

25 thb rnanner. the radial e)q)ansionaftheexpandal)le tubular nwniber 1140 opt^ 
fluididy isolales the openbtg 1110. 

As ilustDated In FIG. libi the apparatus 1115 is then anchored to the 
weHbors casing 1100 using the anchoring device 1135. the anchorir^ device 1135 
is pressurized and the expandable element 1150 b extended from the anchoring 

30 device 1135 through the correspondhg anchoring window 1155 In the expandable 
tubular member 1140 into intimate contact with the weUbore casing 1100. In this 
manner, the intemwdiatB section 1165 of the expandable tubular member 1140 is 
rwnovabiy coupled to the weflbors casing 1100. 

A compressible cement and/or epoxy is then Injected into at least a portion of 

35 the annular space between the una(panded portion of the tubular member 1140 and 
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the wellbore casing 1100. The oompressible cement and/or epoxy is then pennitted 
to at least partiany cure prior to the initiation of the radial expansion process. In this 
manner, an annular structural support and fluldic seal is provided around the tubular 
meml>er1140. 

5 As iOustrated in FIG. lie. The expansion cone 1 130 is then axialiy displaced 

by applying an axial force to the second support menf«)er 1125. The axial 
displacement of the expansion cone 1 130 radially expands the tower section 1 160 of 
the expandable tubular merhber 1140.into intimate contact wHh the walls of the 
wellbore or the wellbore casing 1100. 

10 As illustrated in FIG. 11d, The axial displacement of the expansicm cone 

1130 is stopped once the expansion cone 1130 contacts the lower .portion of the 
anchoring device 11 35. 

As illustrated in FiG. 11 e» The anchoring device 1 1 35 is then decoupled from 
the weHtxxe casing 1 100 and the expandable tubular member 1 140. 

15 As illustrated in FIG. 1 1f, The axial displacement of the expansion cone 1 130 

is then resumed. The anchoring device 1135 is also axial displaced. In this 
. manner, the lower section 1160 of the expandable tubular member 1140 is self* 
anchored to the wellbore casing 1100. The lower section 1160 <tf the expandable 
tubular member 1140 includes one or more outer rings or other coupling members 

20 to fedritate the self-anchoring tS the lower section 1160 of the expandable tubular 
member 1 140 to the wellbore or the wellbore casfrig 1 100. 

•As Dlustrated in R6S. 11g. alter the expandable tubular member 1140 has 
been completely radially expanded by the axial displacement of the expansion cone 
1130. the 1110 in the wellbore casing 1100 is sealed off by the radially expanded 

25 tiiuilar member 1140. In this msviner, repairs to the wellbore casing 1100 are 
optbnally provided. More generally, the apparahis 11 15 is used to repair or form 
wellbore casings, pipefines. and structural supports. The Inside diameter of the 
radially expanded tubular member 1 140 Is substantially constant 

Referring to FIGS. 12a to 12d. an apparatus and method for coupling an 

30 expandable tutxilar memt>er lo a preexisting structure will now be ctescribed. 
Referring to Fig. 12a. a welitxm casing 1200 is positioned within a subterranean 
formation 1205. The wallbore c^ing 1200 may be positioned In any orientation 
from the vertical direction to the horizontal direction. The wellbore casing 1200 
further includes one or more openings 1210 that may have t)een the result of 

35 unintentional damage to the weiBxxB casing 1200. or due to a prior perforation or 
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fiBdurIng operation performed upon the sunounding 8ul)terranean formation 1205. 
Asmb9 recognized by persons having ordinary skill in the art, the openings 1210 
can adversely affect the subsequent operation and use of the vvellbore casing 1 200 
unless they are sealed off. 

5 An apparatus 1215 Is utilized to seal off the openings 1210 In the wellboie 

casing 1200. More generally, the apparatus 1215 Is preferably utiDzBd to lam or 
repair wellbore casings, pipelines, or stnictural supports. 

The apparatus 1215 preferably includes a support member 1220. an 
expandable expansion cone 1225, an expandable tubular member 1235. and one or 
10 more sealing members 1240. 

The suppwt member 1220 is pieferably adapted to be coupled to a surfcice 
location. The support member 1220 is further coupled to the expandable expansion 
cone 1225. The support member 320 is preferably adapted to convey pressurizsd 
fluldic materials and/or electrical cunent and/or communication signals from a 
surface location to the expandable expansion cone. The support member 1220 
may, for exwnpie. be conventional commercially available slick vmre, braided wire, 
coiled tutring. or drilling stock material. 

The expandable expanskKi oone 1225 is coupled to the support member 
1220. The expandable expanston oone 1225 is preferably adapted to radially 
20 expand the expandable tubular member 1235 when the expandable expansion cone 
1225 is axyiy displaced relative to the expandable tubular member 1235. The 

expandable expanston oone 1225 Is further prsf^Wy adapted to radially expand at 
least a portton of the expandable tubtriar member 1235 when the expandable 
expanston oone 1225 is controHably radially expanded. The expandable expanston 

25 oone 1225 may be any .mirnber of oonventtonai co mm ercially available radialiy 
expandable expanston oones. The expandaUe expanston cpne 1225 Is provided 
. substantially as disctosed in U.S. Patent Ho. 5,348,095, the disdosure of wMch is 
incorporated herein by reference. 

The expandabto tubular member 1235 is removably coupled to the 

30 expanston cone 1225. The expandable tubular menrtber 1235 includes one or more 
engagement devices 1250 that are adapted to couple with and penetrate the 
weilbore casing 1200. In this manner, the expandable tubutar member 1235 b 
optimally couptod to the weHbore casing 1200. The engagement devices 1250 
indute teeth for bitvig into the surface of the weObore casing 1200. 



34 



• • • • 

• • • • 

• • 

• 



• • • • • 



t • 

• « ■ • 

• • t 

• • • 



The expandable tubular member 1235 further includes a lower section 1255. 
an intermediate section 1260. and an upper section 1265. The lower section 1255 
includes the engagement devices 1250 in order to provide anchoring at an end 
portion of the expandable tubular member 1235. The wan thickness of the lower 
5 and Intermediate sections, 1255 and 1260. are less than the wail thickness of the 
upper seclkxi 1 265 In onler to optimally fecSitate the radial expansion of the tower 
and intenmdiate sections. 1255 and 1260. <rf the expandable tubular menter 1235. 
The tower sedkxi 1255 of the expandabte tubular member 1235 Is slott^ 
optimally fadlitate the radial expanston of the tower sedton 1255 of the expandable 
10 tubular momber 1235 using the expandable expanston cone 1225. 

The seaRng members 1240 are preferably coupled to the outer surfece of the 
upper portton 1265 of the expandable tubular member 1235. The seating members 
1240 are preferably adapted to engage and flukliciy seal the interface between the 
radially expanded expandable tubular member 1235 and the weilbore cas^ 1200. 
15 The apparatus 1215 ir^udes a plurality of sealing members 1240. The sealing 
members 1240 surround and isolate the opening 1210. 

As iUustrated in FIG. 12a, the apparatus 1215 is preferably positioned, within 
the weilbore casing 1200 with the expandable tubular member 1235 positioned h 
opposing relation to the opening 1210. The apparatus 1215 inchides a plurality of 
20 sealing rnembers 1240 that are posittoned above and below the opening 1^^^ In 
this manner, the radial expanston of the expandable tidMjIar member 1235 optimally 
fluMtoly isolates the opening 1210. 

As Illustrated in FIG. 12b, the expandaUe tubular member 1235 of the 
apparatus 1215 is then anchored to the weBbore casing 1200 by expanding the 
25 expandabte expar^ion cone 1225 Into contact with the kNm section 1255 of the 
expandable tubular member 1235. The tower section 1255 of the expandable 
tubular member 1235 Is radially expanded into Intimate contact wUh the wellborB 
CMing 1200. The engagement devices 1250 are thereby coupled to. and at least 
partially penetrate into, the weilbore casing 1200. in this manner, the tower section 
30 1255 of the expandabte tubular member 1235 is optimally coupled to the weUbore 
casing 1200. 

A compressible cement and/or epoxy is then injected into the annular space 
between the unexpended portton of the ttdiuiar member 1235 and the weQbore 
casing 1200. The compressible cement and/or epoxy may then be penrrftted to at 
35 least partidly cure prior to the initiatton of the radial expansion process. In this 
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manner, an annular strudural support and fluidie seal is provided areund the tubular 
memberl^S. 

As illustrated in FIG. 12c the expandable expansion cone 1225 is then 
axiaiiy dispiaoed by applying an axial force to the support nwmber 1220. Theaxlal 
5 displacement of the expansion cone 1225 radially enpanOB the expandable tubular 
rnember 1 235 into Intimate contact with the wails of the vveHbore casing 1 200. 

As Illustrated In FIG. 12d. After the expandable tubular member 1235 has 
been radially expanded by the axial, displaoement of the expandable expansion 
cone 1235. the opening 1210 \n the weObore casing 1200 is sealed off by the 
10 radially expanded tubular member 1235. In this manner, repairs to the wellbore 
casing 1200 are optimally provided. More generally, the apparatus 1215 is used to 
repair or form welibore casings, pfwiines. and stmcturai supports. 

Refening to RGS. 13a to 13d, an apparatus and method for coupling an 
expandable tubular member to a preexisting stmcture will now be described. 
15 . Referring to Fig. 13a. a welibore casing 1300 is positioned within a subterranean 
formation 1305. The welibore casing 1300 may be positioned in any orientation 
. iiom the vertical direction to the horizontal direction. The welibore casing 1300 
further includes one or more openings 1310 that may have been the result of. 
unlntenOonai damage to the welibore casing 1300. or due to a prior perforation or 
20 Iracturing operation perfomwd upon the sunounding subterranean formation 1305. 
As win be recognized by pereons having ordinary skill in the art. the openings 1310 
can adversely affect the subsequent operation and use of the wollbofB casing 1300 
unless they are sealed off. 

An apparatus 1315 is utffizad to seal offthe open^ 1310 in the welRx>re 
25 casing 1300. More generally, the apparatus 1315 is prefierably utHizad to fbrnn or 
repair welibore casings, p^ines, or stnjdural supports. 

The apparatus 1315 praferaWy includes a support member 1320.. an 
expansion cone 1325. an expandable tubular member 1335. a heater 1340. and one 
or more sealing members 1345. 
30 The support member 1320 is preferably adapted to be coupled to a surface 

location. The support member 1320 is further coupled to the expansion cone 1325. 
The support member 1320 s preferably adapted to convey pressurized fluidie 
material and/or electrical cunent and/br communication signals from a surface 
tocaUon to the expansion cone 1325 and heater 1340. The support member 1320 
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may. for exampte. be owiventlonal commerdally avateWe sBck wire, braided wire, 
coiled tubing, or drilling ^ material. 

The expansion cone 1325 fe coupled to the support member 1320. The 
expansion cone 1325 is preferably adapted to radially expand the expandable 
tubular member 1335 when the expansion cone 1325 is axially displaced relative to 
the expandable tubular member 1335. The expansion cone 1325 may be any 
number of conventional oommerelally available expansion cones. 

The expandable tubular member 1335 Is removably coupled to the 
expansion cone 1325. The expandable tubular member 1335 includes one or more 
engagement devices 1350 that are adapted to couple with and penetrate the 
weHbore casing 1300. In this manner, the expandable tabular member 1335 Is 
optimally coupled to the wellbore casing 1300. The engagement devices 1350 
include teeth for biting Into the surface of the wellbore casing 1300. 

The expandable tubular member 1335 further includes a tower section 1355. 
an intennedlate section 1360. and an upper sedton 1365. The toitw section 1355 
includes the engagement devices 1350 in Older to provide anchoring at an end 
portion of the expandable tubular member 1335. The wall thickness of the tower 
and intemiedlate sections. 1355 and 1360. are less than the wall tWckness of the 

upper section 1365 in order to optimally fadlitale the radial expansion of the tower 
and intennedlate sections. 1355 and 1360. of the expandable tabular member 1335. 

The toHW section 1355 of tt» expandable tubular member 1335 includes 
one or more shape memory metal inserts 1 370. The inserts 1 370 are adapted to 
radially expand the tovrer section 1355 of the expandabte tabular member 1335 into 
intimate contact wHh Ihe weibore casing 1300 when heated by the heater 1340. 

25 The shape memory metal inserts 1370 may be fabricated from any number of 
eonvwitional commercially available shape memory altoys such as. for example. 
Nin or NITINOL using conventiorial fcxming processes such as. for example, those 
described m U.S. PatertNos. 5.312.152. 5.344.506. and 5.718.531. the dlsdosures 
of Which are Incorporated herein by reference. In this manner, tiie shape nwmory 

30 metel inserts 1370 preferably radially expand the tower section 1355 of the 
expandable tabular member 1335 when the Inserts 1370 are heated to a 
temperatare above their transfomation temperatare using the heater 1340. The 
transfomtation temperatare of the inserts 1370 «n8«i frem about 250- F to 450^ F. 
The material composition of tt» Iwrer section 1355 of the expandable tabular 
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member 1335 Is further selected to maximize the radial expansion of the lower 
section 1355 during the transfonnation process. 

The inserts 1370 are positioned within one or more corresponding raoesses 
1375 provided In the lower section 1355 of the expandal)le tutHJiar memt)er 1335. 
AHematlveiy. the inserts 1370 are completely contained within the kywer section 
1355 of the e)(pandable tutelar member 1335. 

The heater 1340 is coupled to the support member 1320. the heater 1340 
is preferably adapted to oontroBably generate a iocatizBd heat source for elevating, 
the temperature of the inserts 1370. The heater 1340 includes a conventional 
themiostat control in order to control the operating temperature. The heater 1340 is 
preferably controlied by a surface control device in a cpnventional manner. 

The sealing members 1345 are prefierably coupled to the outer suifeoe of the 
upper portion 1365 of the expandable tubular member 1335. The sealing membere 
1345 are preferably adapted to engage and fluldicly seal the interi^ between the 
radially expanded expahdat>le tubular member 1335 and the wellbore casing 1300. 
The apparatus 1315 Includes a plurality of seeling membere 1345. The sealing 
members 1345 sumiund and isolate the opening 1310. 

As Illustrated in FIG. 13a. the apparatus 1315 is preferably positioned witNn 
the weUbore casing 1300 with the expandable tubular member 1335 positioned in 
opposing relation to the opening 1310. The apparatus 1315 includes a piuraNty of 
sealing membere 1345 that are positioned above and below the opening 1310. In 
this manner, the radial expansion of the expandable tubular member 1335 optimally 
fluhfidy Isolates the opening 1310. 

As illustrated in FIG. 13b, TTie expandable tubular member 1335 of the 
apparatus 1315 is then enchoned to the welibore casing 1300 by radially expanding 
the inserts 1370 using the heater 1340. The expansion of the inserts 1370 causes 
the lower section 1355 of the expandable tubular member 1335 to contact the 
welbore casing 1300. The engagement devices 1350 are thereby coupled to. and 
at least partially penetrate into, the weHbore casing 1300. in this manner, the lower 
section 1355 of the expandable tubular member 1335 is optimally coupled to the 
welbore casing 1300. 

A compressible cement and/or epoxy is then iriiected Into the annular space 
between the unexpended portion of the tubular member 1335 and the wePbore 
casing 1300. The compressible cement and/or epoxy may then be permitted to at 
least partially cure prior to the initiation of the radial expanskm process. In this 
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manner, an annular stujctural support and flukfic seal is provided around the tubular 
member 1335. 

As Illustrated in FIG. 13c the expansion cone 1325 is then axiaUy dfeplaced 
by applying an axial force to the support member 1320. The axial displacement of 
the expansion cone 1325 radially expands the expandable tubular member 1335 
Into InHmatB contact with the walls of the wdlboi© casing 1300. 

As illustrated in Fi6. 13d. After the expandable tubular member 1335 has 
been comptelely radially expanded by the axial dlsptecement of the expansion cone 
1335. the opening 1310 iri the wellbore casing 1300 is sealed off by the radially 
expanded tubular member 1335. In this manner, repairs to the wellbore casing 
1300 are optimally provided. More generally, the apparatus 1315 Is used to repair 
or fbrm weUbore casings, pipelines, and structural supports. 

Referring to FIGS. 14a to 14g. an apparatus and method for coupling an 
expandable tubular merhber to a preexisting stricture will now be described. 
15 Referring to Fig. 14a. a wellbore casing 1400 Is positioned within a sMbterranean 
fonnation 1405. The wellbore casing 1400 may be positioned in any orientation 
from the vertical direction to the horizontal direction. The wellbore casing 1400 
further Includes one or more openings 1410 that may have been the result of 
unhtemional damage to the wellbore casing 1400. or due to a prior perfbialion or 
20 fracturing operation perfbrmed upon the surrounding subterranean formation 1405. 
As wlU be locognized by persons having ordinary sWII m the art. the openings 1410 
can adversely affect the subsequent operation and use of the wellbore casing 1400 

unless ttiey are seeded off. 

An apparatus 1415 is uWlzed to seal off the openings 1410 in the wellbore 
25 easlng1400. More generally, the apparatus 1415 is preferably utilized to fbrm or 
repair wellbore casings. pipeOnes. or structural supports. 

The apparatus 1415 preferably includes a first support member 1420, a 
second support member 1425, a coupling 1430. an expandable tubular member 
1435. an expansion cone 1440. a third support member 1445. and a packer 1450. 
30 The first support meinber 1420 is preferably adapted to be coupled to a 

■ surface location. The support member 1420 is further coupled to the expansion 
cone 1440. The first support member 1420 is preferably adapted to convey 
pressurized fluldic materials and/or electrical cunent and/or communication signals 
ftom a surface location to the expansion cone 1440 and the packer 1450. Thefiist 
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support member 1420 may, for example, be conventional conrimerdaliy available 
slick wire, braided wire, coiled tubing, or drilling slock material. 

The second support member 1425 is prrferably adapted to be coupled to a 
surfece kxatkm. The support member 1425 is further coupled to the ooiq[)Kng 1430. 
5 The first support member 1425 is preferably adapted to ocmvay pressurized fluidic 
materials and/or eiedrkal current BsixUoc conmunicatkin signals from a surface 
k)catlon to the coupling 1430. The second support member 1425 nnay, for example, 
be conventkxial conunerdally avaflable slick wire, brakled wire, coiled tubing, or 
dnlling stock material. 

10 The coupling 1430 is coupled to the second support member 1425. The 

coupling 1430 is further preferably removably coupled to the expandable tubular 
member 1435. The coupling 1430 may be any number of conventtonal 
commerdaDy available passive or actively controHed coupling devices such as. for 
example, packers or sWps, The coupling 1430 is a mechanfcal slip. . 

15 The expandable tubular member 1435 is removably coupted to the coupling 

1430. The expandable tubutar member 1435 includes one or more engagement 
devices that are adapted to couple with and pmetrate the wellbore casing 1400. In 
this manner, the expandable tubular member 1435 is optimally coupled to the 
wellbore casing 1400; The engagement devk:es include teeth for mnq into the 

20 surface of the wellbore casing 1400. The expandable tubular member 1435 further 
includes one or more sealing mmibers on the outsUe surface of the expandable 
tubular member 1435 in order to optfanaly seal the interfaoe between the 
expandable tubular member 1435 and the weBbore casing 1400. 

The expanston cone 1440 is coupled to the firrt support member 1420 and 

25 the tlvrd si«)port member 1445. The expanskxi cone 1440 is preferably adapted to 
radially expand the expandable tubular merrtf>er- 1435 whw the expanskm cone 
1440 Is axially displaced relative to the expandable tubi^ 

The tMrd support member 1445 b preferably coupled to the expanston oone 
1440 and the packer 1450. The third support merrAer 1445 is preferably adapted to 

30 convey pressurized flukiic materials and/or eledrteal cunent and/or communkratton 
signals from a surface kxatton to the packer 1450. The third support member 1445 
may. for example, be conventk>nal commercially avallabte slick wire, brakJed wire, 
coiled tubing, or drilling stock material. 

The packer 1450 is coupled to the third support merT^t>er 1445. The packer 

35 1450 is further preferably adapted to cbntroBably coupled to the wellbore casing 




1400. The packer 1450 may be any number oT conventional commercially available 
packer devices. A bladder, slipped cage assembly or hydraulte sHps may be 
substituted for the packer 1450. 

As illustrated in FIG. 14a. the apparatus 1415 is preferably positk>ned within 
5 the wellbore casing 1400 with the bottom of the expandable tubular menrriser 1435 
and the top of the expanston cone 1440 positioned proximate the opening 1410. 

As illustrated in FIG. 14b. The packer 1450 is then anchored to the wellbore 
casing 1400. In this manner, the expanskxi cone 1440 is maintained In a 
substantially stattonary positton. 

10 As illustrated in FIG. 14c The e)q)andable tubular member 1435 is then 

kywered towards the stationary expandon cone 1440. As illustrated in FIG. 14d, the 
tower end of the expandable tubular member 1435 impacts the expanskm cone 
1440 and is radially expanded Into contact with the wellbore casing 1400. The lower 
end of the expandable tubular manber 1435 Includes one or more engagement 

IS devtoes for engaging the wellbore casing 1400 in order to optimally couple ttie end 
of the expandable tubular member 1435 to the weSbore casing 1400. 

A compressible cement and/or epoxy is then injected into the annular space 
between the unexpended portton of the tubular menrtioer 1435 and the wellbore 
casing 1400. The compressible cement and/or epoxy is then permitted to at least 

20 partially cure prk)r to the inltiatton of the radial expansion process. In this manner, 
an annular structural support and flitfdic seal is provkJed around the tubular member 
1435. 

As nustrated in FIG. 14e. The packer 1450 is decoupled from the weiltxm 
casing 1400. 

25 As illustrated in FIG. 14f. The expanskm oone 1440 is then axially displaced 

by applying an axial force to the first support member 1420. The axial displacement 
of the expanskm oone 1440 radially expands the expandatte tubular member 1435 
Into intimate contact with the watts of the wellbore casing 1400. Prior to the initiatton 
of the axial displacement of the expansion cone 1440. the coupling 1430 is 

30 decoupled from the expand^ tubular merTd>er 1430. 

As iBustratsd in FIG. .14g, After the expandable tutnjlar member 1435 has 
been comi^tely radially exparKled by the axial displacement of the expanskm cone 
1440, the opening 1410 in the wellbora casing 1400 is seated off by the radially 
expanded tubular menrter 1435. In this manner, repairs to the wellbore casing 
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1400 are qitimally provided. More generally, the apparatus 141S used to repair 
or foiin wet&Kxe casirtgs. pipeSries. arid structural supports. 

Referring to FIGS. 15a to 15d. an apparatus for coupling an expandable 
tubular member to a preexisting structure will now be described. Refeiring to Fig. 
5 15a. a welttxxe casing 1500 is positioned within a subterranean fonnation 1S05. 
The wellboie casing 1500 nray be positioned in any orientafon from the vertical 
direolion to the horizontal diiBdion. The vweiibore casing 1500 further Indu^ 
or more openings 1510 that may have been the result of unintentional damage to 
the wellboie casing 1500^ or due to a prior perforation or fracturing operation 
10 perfomwd upon the surrounding subterranean formation 1505. As wBI be 
recognized by persons having ordinary skill in the art, the openings 1510 can 
adversely affect the subsequent operation and use of the weltoore casing 1500 
unless they are sealed off. 

An apparatus 1515 is utilized to seal off the openings 1510 in the wellbore 
15 casing 1500. More generally, the apparatus 1515 is preferably utilized to fonn or 
repair wellbore casings, pipelines, or structural supports. 

The apparatus 1515 preferably includes a support member 1520. an 
expandable tubular member 1525, an expansion cone 1530, a coupTiiig 1535. a 
resilient anchor 1540. and one or more seds 1545. 
20 The support member 1520 is preferably adapted to be coupled to a surface 

location. The support member 1520 Is further coupled to the expansion cone 1530. 
The support member 1520 is preferably adapted to convey pressurized fluidic 
materiste and/br eledrical ounent amUar communicalion signals from a surteoe 
location to the resilient anchor 1540. The support member 1520 may. for example. 
25 be conventional commercially available sSkk wire, braided wire, coiled tubing, or 
drilUng stock material. 

The expandable tubular member 1^ is removably coupled to the 
expansion cone 1530. The expandable tubular member 1525 includes one or more 
engagement devices that are adapted to couple with and penetrate the wellbore 
30 casing 1500. In this manner, the expandable tubular member 1525 is optimally 
coupled to the weHbore casing 1500. The engagement devices include teeth for 

bifing into the surface of the wellbore casing 1500. The expandable tiAular member 
1525 further includes one or more sealing members 1545 on the iwtsida surface of 
the expandable tubular member 1525 in order to optimally seal the Interface 
35 between the expandable tubular member 1525 and the wellbore casing 1500. 

42 



• • • 



The expandable tubular member 1K5 Includes a lower section 1550. an 
intennedlate section 155Q. and an upper section 1560. The walltNcknessesofthe 
lower and intennedlate sections. 1550 and 1555. are less than the waa tMcknees of 
the upper section 1560 in order to opUmaly fiaciniata the radial expansion of the 
5 expandable tubular member 1525. The seeing members 1545 are provided on the 
outside suffaoe of the upper section 1560 ofthe expendable tubular member 1525. . 
The resnient anchor 1540 is coupled to the lower section 1550 of the expandable 
tubular member 1525 in order to optimally anchor the expendable tubudar member 
1525 to the wellbore casing 1500. 

10 The expansion cone 1530 is coupled to the support member 1520 and the 

coupling 1535. The expand cone 1530 is preferably adapted to radlally expand 
the expandable ti^ulcH- member 1525 when the expansion cone 1530 is axially 
displaced relative to the expandeUe tubular member 1525. The expansion oone 
1530 may be any number of oolivmtiqnal o)mmerdally available expansion c^^ 

15 The coupiffig 1535 is preferably coupled to the support member 1520, the 

expansion cone 1530 and the rssilient anchor 1540. The ooupBng 1535 Is 
preferab^ adapted to convey pressurized fluUic materials andAxr electrical current 
and/or communication signals firom a sur^ location to the resilient anchor 1535. 
The coupling 1535 may. for example, be oonventtonai commercially available slick 

20 wire, braided wire, coiled tubing, or drilling stodc material. The coupUng 1535 is 
decoupled from the resilient anchor 1540 upon initiating the axial displacement of 
the eignnsion cone 1530. 

The resilient anchor 1540 Is preferably coupled to the lower eection 1 550 of 
the expendable tubular member 1525 and the coupling 1535. The resilient anchor 

25 1540 is further preferably adapted to be controBabiy coupled to the wellbore casing 
1500. 

Referring to FIGS. 16a and 16b. The lesaient anchor 1540 Includes one or 
mm coiled resifient merrdim 1600 and oonesponding relenable ooupOng devices 
^605. The resilient anchor 1540 is maintained in a oompressed elastic poeltion that 

. 30 is controilably released thereby causing the resiUmt anchn- 1540 to expand in size 
thereby releasing the elastic energy stored witWn the reslllwit anchor 1540. As 
niustrated in FIG. 16b. whm the coupHng device 1605 is released, the coiled 
resilient member 1600 at least partially uncoils in the outward radsi direction. At 
least a portion of the coiled rnetnber 1600 is coupled to the lower section 1550 of the 

35 expandabto tubular nnerTi)w1S25. The uncoiled nneniber 1600 thereby couples th^ 
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tower section 1550 of the expandal)le tubular memtier 1525 to the wellborB casing 
1500. 

The coHed metrtow 1600 may be fabricated from any number of 

oonvenHonal commercially available resilient materials. The coiled member 1600 is 

5 fabricated finom a rasflient mateilal such as. (or example, spring steel. The coiled 

member 1600 is fabricated fifom nramory rrietals In Older to optimally pTDV^ 
of shapes and stresses. 

The releasable oouping disvice 1605 maintains the coiled fnember 1600 is a 
coiled position until the device 1605 is released. The releasable coupling device 
10 1605 may be any number of conventional oommerdaliy available releasable 
coupling devices such as, for example, an exploeive bott. 

The resilient anchor 1540 may be positioned In any desired orientation. Iho 
resilient anchor 1540 is positioned to apply the nwodmum nomwi fbroe to the waOs 
of the weKbpre casing 1500 after releasing the rasflient anchor 1540. 
15 As illustrated in FIGS. 17a and 17b, the resilient anchor 1540 includes a 

tubular member 1700, one or nxwe resilient anchoring members 1705, one or more 
corresponding rigid attachments 1710. and one more corresponding releasable 
attachments 1715. The resilient anchoring nrienAere 1705 . are maintained in 
coTT^mssed elastic condition by the corresponding rigid and releasable 
20 attachments. 1710 and.1715. When the corresponding releasable attachment 1715 
is released, the oonespondii^ resilient anchoring member 1705 expands, releasing 
the stored elastic energy, away from the tubular member 1 700. 

As HktttratBd In FIG. 17a. one end of each resilient anchoring member 1705 
is rigidly attached to the outside surface of the tubular member 1700 by a 
25 corresponding rigid attachment 1710. The other end of each leslHent anchoring 
member 1705 is removably attached to the outside surface of the tubultf member 
1700 by a oorresponding releasable attachment 1715. As illustrated in FIG. 17b. 
releasing the releasable attachment 1715 permHa the resilient energy stored in ttie 
resilient anchoring member 1705 to be released ttiereby causing the resfliem 
30 anchqringnfiemt>er 1705 to SMring radially outMardfh>m the tubular nr^^ 

The tubular member 1700 may be fabricated from any number of 
conventional materials. 

The resilient anchoring membere 1705 may be fabricated from any number 
of resiOent materials. The resSient anctioring members 1705 are fatiricated from 
35 memoiym^ in order to optimal^ provide control of sliapes and stresses. 
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The rigid attachments 1710 may be fabricated ftan any number of 
conventional commeitially avaijabie materials. The rigid attachments 1710 are 
tebricated from 4140 steel In order to optimally provide Ngh atrmgth. 

The reieasable attachments 1715 may be tebricated ftom any number of 
5 conventional commerctelly available devices such as. for exampte. explosive bolts. 

As illustrated in FIGS. 18a and 18b. the resilient anchor 1540 includes a 
tubular member 1800. one or more anchoring devices 1805, one or more resilient 
members 1810, and one or more retease devices 1815. The anchoring devices 
1805 and resOient membere 1810 are nmintained in a compressed etesOc position 
10 by the retease devices 1815. As yiustrated in FIG. 18b. When the retease devices 
1815 are lemoved, the anchoring devices 1805 and resiitent members 1810 are 
pemMed to expand outwardly in the radial direction. 

The tubuter member 1800 preferably includes one or more openings 1820 
for containing the retease devices 1815 and for pemnitting the anchoring devices 
15 1805 to pass through. Tha tubular member 1800 may be tebricated ftom any 
number of conventional commercially avaitebte materiate. The tubular member 
1800 te tebricated from 4140 steel In order to optimaUy provide high strength. 

The anchoring devices 1805 are housed wMtte the tubular member 1800. 
The anchorbig devices 1805 are prefw^ adapted to at teast parttelly extend 
20 through the corresponding openings 1820 In the tubular member 1800. The 
anchoring de\dces 1805 are prefer^ adapted to ooupte to. and at teast parttely 
penetrate, the surtece of the wellbore 1500. The anchoring davloes 1805 may be 
f*ricated from any number of durabte hard materials such as. for exampte. 
tung^ cartrfde. machine tool steel, or hanJ teced steel. The anchoring devices 
25 1805 are fabricated from machine tool steel in order to optimally provide high 
strength, hardness, and ftacture toughrtess. 

The resiitent membere 1810 are coupted to the inside surtece of the tiibular 
member 1800. The resilient membere 1810 are preferably adapted to apply a rady 
force upon the oonesponding anchoring devices 1805. When the retease devices 
30 1815 retease the anchoring devices 1805. the rasHtent membere 1810 are preferably 
ad^gted to force the anchoring devices at teast parttefly through the oonespcmtfng 
openinga 1820 into oontect wHh. to at teast partially penebats. the weilbore casing 
1500. 

The retease devices 181 5 are positioned withbi and oou|4ed to the openings 
% 1820 te the tubuter member1800. The rdease devices 1815 are pieferab^ adapted 

45 



• • • • • 
« • • 



to hold the corresponding anchoring devices 1805 within the tubular member 1800 
until reles^ed by a control signal provided from a surface, or other, location. The 
release devices 1815 may be ariy number of conventionai conrumrdaRy available 
release devices. The release devices 1815 are pressure activated in order to 
5 optimally provide ease of operation. 

As illustrated in FIG. 15a. the apparatus 1515 is preferably posittoned wKMn 
the wellbore casinGi 1500 with the expandaUp tubular member 1S2S posWoned in 
opgosk)Q relation to the opming 1510. 

As illustrated in FIG. 15b, The resilient anchor 1540 is then anchored to the 
10 wellbore casing 1500. in tNs mann^^. the lower section 1S50 of the expandable 
tubular member 1525 is anchored to the weHbore casing 1500. The resilient anchor 
1540 is anchored by a oontroi and/or electrical power signal transmitted from a 
surface location. 

A compressible cement and/or epoxy is then injected into the annular space 
15 between the unexpanded portion of the tubular member 1525 and the wellbore 
casing 1500. The compressible cement and/or epoxy is then pemiitted to at least 
partially cure prior to the initiation of the radial expansion process. In this manner, 
an annular structural support and fliridic seal is provided around the tubular member 
1525. 

20 As illustrated In FIG. ISc. The expansion cone 1530 is then axially displaced 

by applying an axial force to the support member 1520. The axial displacement of 
the expansion cone 1530 ladiaily expands the expandable tiAular member 1525 
into Intirriato conlad wrfth the walte of the wellbore casing 1500. 

As illustrated in FIG. 15d, After the expandable tubular member 1K5 has 

25 been completely radially 9xpanded tyy the axial displaoement of the expansion cone 
1530. the opening 1510 in the wellbore casing 1500 is sealed off by the radially 
. expanded tubular rnembw 1525. . In thte manner, repairs to Vhe wellbore casing 
1500 are of^imaBy provided. More generaly, the apparatus 1S15 is used to repair 
or form wellbore casings, p^lines, and structural supports. 

30 Referring to FIGS. 19a, 19b and 19c an expandable tabular member 1900 

for use in t^ apparatus 1515 will now be desoibed. The expandable tutHJiar 
member 1900 indudes a tutndar body ^90S, one or more resilient panete 1910, one 
or more corresporxfing engagen^nt mend)er5 1915, and a release member 1920. 
The resHient panels 1910 are adapted to expmd In tte radtel diredion after betog 

35 released by the release member 1920. In this manner, the expandabte tutniiar 
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member 1900 is anchored to a preexisting staidure such as. for example, a 
wBlllwre casing, an open hole wellMre section, a pipeline, or a structural suppo^ 

The tutMJiar memiMr 1905 is coupled to the resiPent panels 1910. The 
tubular member 1905 may be any number of conventional oommercifidly available 
5 expandable tubular members. The tubular member 1905 Is an expandable casing h 

order to o;MbnaHy provide high strength. 

The resinent panels 1910 are coupled to the tubular meniber 1905. The 
resffient panels 1910 are further releasably coupled to the release member 1920. 
The resiiiont panels 1910 are preferably adapted to house the expansion cone 

10 1530. The resHient panels 1910 are prrferabiy adapted to extend to the position 
1925 upon Mng released by the tetoasB member 1920. The resilient panels 1910 
are coupled to the tubular member 1905 by welding in order to optimally provide 
high strength. The resOient panels 1910 may be fabricated from any numt}er of 
conventional conimercially available resilient materials. The resilient panels 1910 

15 are fabricated from spring, steel in order to opfimally store elastic radially directed . 
energy. 

The engagement members 1915 are coupled to corresponding resiiiertt 
panels. The engagement members 1915 are prsfeiably adapted to engage, and at 
least partially penetrate, the wellbore casbig 1500, or other prettdstbig structure. 

20 The release member 1920 Is releasably coupled.to the resiHent panels 1910. 

The release member 1920 is preferably adapted to oonlroliably release the resilient 
panels 1910 ftom their Inftial sbained positions in order to pemntt the resilient panels 
1910 to expand to thdr expanded positions 191^. The release member 1920 is 
releasably oouplod to the oouplng 1535. In this manner, electrical and/or contool 

25 and/br hydraulic signals are oommunicatad to and/or from the release member 
1920. The release member 1920 may be any number of oonventionai commerddiy 
available release devices. 

Referring to RGS. 20a to 20d, an apparatus and method for coupling an 
expandable tubular member to a preexisting stmcture wiii now be described. 

30 Referring to Fig. 20a. a weUbore ca^ 2000 is posittoned within a subterranean 
fbnnation 2005. The weltoore casing 2000 may be positioned in any orientation 
from the vertical direction to the horizontal direction. The weBbore casing 2000 
further Includes one or more openings 2010 that may have been the result of 
unintentonal damage to the welibore casing 2000. or due to a prior perforation or 

35 fracturing operation performed upon the surrounding subterrBnean formation 2006. 
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As win be recognizBd by persons having ordinary sIcHI in the ait. the openings 2010 
can adversely affect the subsequent operation and use of the wellborB casing 2000 
unless they are sealed olF. 

An apparatus 2015 is utiOzed to seal off the openings 2010 in the wellbore 
casing 2000. More generally, the apparatus 2015 is preferably utilized to fbrni or 
repair vvellbore casings, pipelines, or stmctural supports. 

The apparatus 2015 preTerably includes a support member 2020, an 
expandable tubular memtier 2025, an .expansion cone 2030, a couplir^ 2035, a 
resilient anchor 2040, and one or more seals 2045. 

The support merriber 2020 is preferably adapted to be coupled to a surfece 
location. The support member 2020 is further coupled to the exparisipn cone 2030. 
The support member 2020 is preferably adapted to convey pressurized fluidic 
materials and/or electrical currwit and/or communication signals from a surface 
location to the anchor 2040. The support member. 2020 may, for example, be 
conventionai commercially available slide wire, braided wire, coiled tubbig, or drilling 
stock material. 

Tte expandable tutHilar member 2025 is removably ccxipled to the 
expansion cone 2030. The expandable tubular memt^er 2025 includes one or more 
engagement devices that are adapted to couple with and penetrate the wellbore 
casbng 2000. In this manner, the expandable tubular member 2025 is optimally 
coupled to the welbore casing 2000. The engagement devices include teeth for 
biting into the surfeoe of the wellbore casing 2000. The expandable tubular member 
2Q2S further includes one or more sealing menters 2045 on the outside surfeoe of 
the expandable tubular member 20SS in order to optimally seal the interfeoe 
betweeiiri the expandable tubular member 2025 and the wellbore casing 2000. 

The expandable tubular member 2025 includes a lower section 2050, an 
intermediate section 2055. and an upper aection 2060. The wall thidcnesses of the 
icwerand intermediate sections, 2050 and 2055, are less than the wall thtdcness of 
the upper section 2060 in order to optimally, facilitate ttw radial expandon of ttie 
expandable tubular member 2025. The sealing meml>ers 2045 are provided on the 
outside surface of the upper section 2060 of the expandable tubular member 2025. 
The resilient anchor 2040 is coupled to the lower section 2(^ of the expandable 
tubtdar merTrt)6r 202S In order to optimally anchor the exp^tdabUe tubular member 
2025 to the %velIbore casing 2000. 
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Tha expansion (X»ne 2030 is prefetaWy coupled to the support TO 
and the coupling 2035. The expansion oone 2030 is preferably adapted to radially 
expand the expandable tubular member 2025 when the expansion oone 2030 Is 
axially dispiaoed relative to the expandable tubular member 2025. 

The coupling* 2035 Is preferably , coupled to the support member 2020. the 
expansion oone 2030. and the anchor 2040. The coupling 2035 is preferably 
adapted to convey pressurized fhiidlc materials mHor etodilcal currant and/or 
communication signals from a surfeoe location to the anchor 2035. The cai««ng 
2035 may, for exampte. be conventional cpmmereiaiiy avaiteUe slick vvire, braided 
wire, coiled tubing, or drilfing stock materlaL The ooupRng 2035 is deooupted ftom 
the anchor 2040 upon initiating the axial displacement of the expanston oone 2030. 

The anchor 2040 is preferably coupled to the tower section 2050 of the 
expandable tubular member 2025 and the coupling 2035. The anchor 2040 Is 
further preferably adapted to be oontrollably coupled to the wettbore casing 2000. 

Refwring to FIGS. 21a and 21b. The anchor 2040 includes a housing 2100. 
one or more spikes 2105. and one or mam conespondlng actuators 2110. The 
spikes 2105 are outwardly extended by the corresponding actuators 2110. The 
spikes 2105 are outwardly actuated by displacing the apparatus 2015 upwanUy. 
The spices 2105 are outwardly extended by placing a quantity of fluicyc material 
onto the spikes 2105. 

The housing 2100 Is coupled to the tower sectton 2050 of the expandable 

liibular member 2025. the spikes 2105. and the actuators 21 10. The housing 2100 

is further prsferablyoouptod to the coupling 2035. The housing 2100 is adapted to 

oinvey electrical, oommunkatten. and/or hydraulte signals from the coupling 2^ 
the actuators 2110. 

The spices 2105 are preferably movably coupted to^the housing 2100 and 
the ooTTMponding actuators 2110. The spices 2105 are preferably adapted to pivot 
relative to the housing 2100. The spikes 2105 are ferther preferably adi«>tod to 
extend outwardly In a radial direction to engage, and at least partially penetrate, the 
wellborB casing 2000. or other preexisting stnicture such as. for exampte. the 
weHbore. Each of the spikes 2105 ftirther preferably include a concave upwardly 
fedng surtece 2115. The placement of a quantity of fluldte material such as. for 
examfte. a barite plug or a flex plug, onto the surfaces 2115 causes the spikes 2105 
to pivot outwardly away from the housing 2100 to engage the weiS)orB casing 2000, 
or other prsexfeting structure such as. for example, the wellbore. Alternatively, the 
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upward displacement of the apparatus 2015 causes the spikes 2105 to pivot 
outwardly away from the housing 2100 to engage the welibore casing 2000. or other 
preexisting structure such as, for example, the wellbore. 

The actuators 2110 are prelisrat)iy coupled to the housing 2100 and the 
5 corresponding spikes 2105. The actuators 2110 are preferably adapted to apply a 
force to the awrasponding spikes 2105 suffidem to piwot the oorresp^ 
2105 outwanny and away from the housing 2100. The actuators 2110 may be any 
number of oonventkmal oommerdaPy available actuatore such as. tor example, a 
spring, an electric or hydraulic motor, a hydraulic piston/cyOnder. TTie actuatore 
10 2100 are hydraulte pistons in order to optimally provide ease of operatkm. The 

actuatore 21 10 are omitted and the spikes are plvotally coupled to the housing 2100. 

Referring to FIGS. 22a. 22b. and 22c The anchor 2040 includes the housing 
2100. one or more petal baskets 2205, and ope or more corresponding actuatore 
2110. Tlie petal baskets 2205 are outwardly extended by the corresponding 
15 actuatore 21 10. The petal baskets 2205 are outwanjiy actuated by displacing the 
apparatus 2015 upwardly. The petal baskets 2205 are outwardly extended by 
placing a quantity of fluklx: material onto the petal baskets 2205. 

The housing 2100 is coupled to the tower sectton 2050 of the expandable 
tubular member 2025. the petal baskets 2205. and the actuatore 21 10. 

20 The petal baskets 2205 are prefsrabiymovably coupled to the housing 2100 

and the conesponding actuators 2110. The petal baskets 2205 are preferably 
adapted to pivot relattve to the housing 2100. The petal baskets 2205 are further 
preferably adapted to extend outMordly m a radial diiectkm to engage, and at least 
partially penetrate, the weUbore casing 2000. or other preexisting stnjcture. As 

25 fflustrated in FIG. 22c. each of the petal baskeb 2205 further preferably include a 
concave upwardly feeing surface 2215. The placement of a quantity of fluidk: 
material such as. fer example, a baifta plug or a ftex plug, onto the surfeoes 2215 
causes the petal baskets 2205 to pivot outwardly away from the housing 2100 to 
engage the wellbore casing 2000. or other preexisting stnjclure. Alternatively, the 

30 weight of the fJuWte materials placed onto the petal baskets 2205 is suffkrient to 
anchor tt>e expandable tubular member 2025. Alternatively, the upward 
displacement of the apparatus 2015 causes the petal baskets 2205 to pivot 
outwardly away from the housing 2100 to engage the weUbore casing 2000. or other 
premisling stmcttoe. 
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The actuators 2110 are prefersMy coupled to the housing 2100 and the 
corresponding petal baskets 2205. The actuators 2110 are preferably adapted to 
apply a force to the corresponding petal baskets 2205 sufficient to pivot the 
corresponding petal bask^ 2205 oiitwofdiy and SMoy ft^ The 
5 actuatore 2110 are orvtftted and the petal baskets are pivotaUy coupled to the 
housing 2100. 

The anchor 2040 includes one or more spikes 2105 and one or rrxire petal 
baskets2205. 

As Btustrated in FIG. 20a. the appaatus 2015 Is preferably posltk>ned within 

10 the wellbore casing 2000 with the expandable tubular member 2025 positk)ned in 
opposing relatkm to the opening 2010. 

As illustreted in RG. 20b. The anchor 2040 is then anchored to the wellbore 
casing 2000. In this manner, the k>wer section 2050 of the expanddt>le tutHJlar 
member 2025 is anchored to the wellbore casing 2000 or the welibore casing. The 

15 anchor 2040 is anchored by a control and/or electrical power signal tnansnrMed froni 
a surface kxaiion to the actuators 2110 of the anchor 2040. The anchor 2040 is . 
anchored to the . wellbore casing 2000 by upwardly displacing tfie apparatus 2015. 
The anchor 2040 is anchored to the wellbore casing 2000 by placing a quantity of a 
fluidic material such, for example, a barto plug or a flex plug, onto the spikes 2105 

20 or petal baskets 2205 of the anchor 2040. The anchor 2040 is omitted, and the 
apparatus 2015 is anchored by placing a quantity of a fluUtc material such, for 
exanrv)le, a barite plug or a flex pkig, onto at least the tower and/or the intermediate 
sectkms, 2050 and 2055. of the expandable tubular member 2025. 

A compressible cement and/or epoxy is then irjected into the annular space 

25 between the unexpended portton of the titular member 2025 and the wellbore 
casirtg 2000. The compressible cement and/or epoxy is ttien permitted to at least 
partially cure prior to the initiatton of the radiaF expanston fxocess. In this mariner, 
an annular structural support and fli^ic seal is provMed around the tulxjlar meml>er 
2025. 

30 As IHustrated in FIG. 2Qc TYie expan^on cone 2030 is then axially displaced 

by applying an axial force to the support member 2020. The axial displaoement of 
the expanston cone 2030 radially expands the expandable tubular member 2025 
into intimate contact with the walls of the wdlbore casing 2000. 

As illustrated in FIG. 20d. After the expandable tiAular member 2025 has 
35 tieen comptotely radiailly expanded by the axial displacement of the expanston oone 
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2030. (he opening 2010 in the wellbcNe casing 2000 is sealed off by the radially 
expanded iiAular meinber 1435. In this manner, repaire to the wein>ore casing 
aXX) are optimally pravicted. More generally, the apparatus 2015 is used to repair 
or form weiltXMe casings, pipelines, and structural supports. 
5 Rsfening to FIGS. 23a to 23e, an apparatus and nwthod for coupling ah 

expandable tubular member, to a preexisting structure wOl now be described. 
Refarrtng to Fig. 23a. a weUbore casing 2300 and an open hole welibore section 
2305 are positioned within a subterranean tomiation 2310. The wellxra casing 

2300 and the open hole vreiibore section 2305 may be positioned in any orientation 
10 from the vertical direction to the horizontal diiBction. 

An apparatus 2320 is utilized to forin a new section of welibore casing wi^ 
the open hole weBbore section 2305. More generally, the apparatus 2320 is 
preferably utilized to form or repair welibore casings, pipelines, or structural 
supports. 

"•5 The appar^ 2320 preferably includes a support member 2325, ah 

expandable tubular member 2330. an expansion cone 2335. one or more upper 
seafing members 2340. and one or more sealing menders 2345. 

The support membo- 2325 is preferably adapted to be coupled to a surfece 
localion. The support member 2325 Is further coupled to the expansion cone 2335. 

20 The support member 2325 may. for example, be conventional oommeiciaily 
available slick wire, braided wire, coned tubing, or drilling stock material. 

The expandable tubular member 2330 is removably coupled to the 
expwtskm cone 2335. The expandable tobular member 2025 further frwludes one 
or more upper and tower sealing membere. 2340 and 2345, on the outside surface 

25 or the expandable tubular member 2330 In order to optimally seal the Interim 
between the expandable tubular member 2330 and the welibore casing 2300 and 
the open hole welibore sedkm 2305. 

The expandable tidxto- member 2025 further includes a tower sectfcm 2350, 
an intenmdlate section 2355, and an upper section 2360. The wail thicknesses of 

30 the lower and intermediate sections. 2350 and 2355, are less than the waOttikdcness 
of the upper secttetn 2360 in order.to optimally fadliteto the radial expanston of the 
expandable tubular m«nber 2330. The lower sectkwi 2350 of the expandable 
tubular member 2330 includes one or more slots 2^5 adapted to pemvt a fhikiic 
sealing material to polite the tO¥ver sectton 2350. 
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The expansion cone 2335 preferably coupled to the support nfienftt)er 
2325. The expansion oone 2335 Is further prtferat>iy removably ooupled to the 
expandable tubular member 2330. The expansion oone 2335 is preferably adapted 
to radially expand the expandable tubular mennber 2330 when the expansion cone 

5 2335 is axMly displaoed relative to the expandable tubular member 2330. 

The upppr sealing member 2340 is ooupled to the outside surface of the 
ijV>per section 2360 of the expandable tubular member 2330. The upper sealing 
member 2340 is preferably adapted to fkjididy seat the interfece between ttie 
radially expanded {jpper section 2360 of the expandable tubular member 2330 and 

10 the wellbore casing 2300. The upper sealing member 2340 may be any number of 
conventional commerdaliy available sealing members. The upper seating member 
2340 is a viton rubber in order to optimally provide load carrying and pressure 
sealing capacity. 

The lower seating memt>er 2345 is preferably coupled to the outside surface 
15 of the upper section 2360 of the expandable tubular member 2330. The lower 
. sealing member 2340 is preferably adapted to fluididy seal the interface beb/veen 
the radially expanded upper section 2360 of the expandable tubular member 2330 
and the open hole wellbore section 2305. The lower sealing member 2345 may be 
any number of conventional commercially available sealing members. The lower 
20 sealing member 2345 Is vHon rubber in order to optimally provide load carrying and 
sealing capacity. 

As lllustrBted in FIG. 23a, the apparatus 2320 Is preferably positioned within 
the wellbore casing 2300 arMi the open hole wellbore sectioh 2305 with the 
expandable tubular member 2330 positioned in overlapping relafion to the wellbore 
25 casing 2300. 

As illustrated in FIG. 23b. A quantity of a hardenable fluidic sealing material 
2365 is then Injected into the open hole wellbore section 2305 prexinriate to the 
lower secHon 2350 of the expandable tubular member 2330. The sealing material 
2365 may be any number of conventional commercially available sealing materials 
30 such as. for example, cement and/or epoxy resin. The hardenable fluidic sealing 
matmal 2365 at least partially enters the slots provided In the lower section 2350 of 
the expandable tubular member 2330. 

As illustrated in FIG. 23c, the hardenable fluidic sealing material 2365 is 
preferably then pemrdtted to at least partially cure. In this manner, the lower section 
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2350 of the expandable tubular member 2330 is anchored to the open hole weHboca 
section 2305. . 

A compressible cement and^or epcn^ is then Injected Into the annular space 
between the unexpended portion of the tubular member 2330 and the \Mellbore 
5 casing 2300. The compressible cement andfor epoxy is then pennitted to at least 
partially cure prior to the Initiation of the radial expansion process. In this manner, 
an annular stnjctural support and lluldic seal is provided around the tubular member 
2330. 

As Uiustrated in FIG. 23d, The expansion cone 2335 is than axiallydlsplaoed 

10 by applying an axial force to the sun)ort member 2325. The a)dal dl^tlaosment of 
the expansion cone 2335 radially expands the expandable tubular member 2330 
into intimate contact with the walls of the wellbore casing 2300. 

As illustrated in FIG. 23e. After the expandable tubular member 2330 has 
been completely radially expanded by the axial displacwnent of the expansion cone 

15 2335. a new section of weBbore casing is fomfiedthrtpr^eraWyhdudes^ 

expanded tubular member 2330 and an outer annular layer of a fluldlc sealing 
material. More generally, the apparatus 2320 is used to. repair or form weilboie 
casings, pipelines, and structural supports. 

Refenring to FIGS. 24a to 24c. an apparatus and method lor coupling an 

20 expandable tubular member to a preexisting stnicture wHI now be described. 
Refisning to Fig. 24a. a wellbore casing 2400 and an open hole wellbore sectton 
2405 are positioned within a subtenianean formation 2410. The wellbcre casing 
2400 and the open hole wellbore section 2405 may be positioned in any orientation 
from the vertical direction to approxirnately the horizontal tfredioa 

25 An apparatos 2420 is utilized to fbnn a new section of wellbore casing within 

the open hole wellbore section 2405. More generally, ths apparatus 2420 is 
preferably utilized to form or rep^ welRMre casing, pipelines, or stnicturai 
supports. 

The apparatus 2420 preferably includes a support membo- 2425, an 
30 expandable tubular member 2430, an expansion cone 2435. a coupling 2440, a 
packer 2445, a mass 2450. one or more upper sealing members 2455, and one or 
more sealing memtMrs 2460. 

The support member 2425 is preferably adapted to be coupled to a surfeoe 
location. The si^iport member 2425 is further coupled to the expansion cone 2435. 
35 The support member 2425 is preferably adapted to convey electrical. 
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communication, and/or hydraulic signate to and/br from the padter 2445. The 
support memt^ 2425 may, for example, be oonventionai commercially available 
slidt w4re, t)raided wire, ooOed tubing, or drilling stodc material. 

The expandable tubular member 2430 is removably coupled to the 
5 expansion cone 2435 and the packer 2445. The expandable tubular member 2430 
is further preferably coupled to the mass 2450. The expandable tubular member 
2430 further includes one or more upper and lower sealing members, 2455 and 
2460. on the outside surfece of the expandat)le tubular member 2430 In oider to 
optimally seal the interface between the expandable tubular member 2430 and the 
10 wenbore casing 2400 and the open hole wellbore section 2405. 

The expandable tubular member 2430 fwlher includes a lower section 2465, 
an intenmedlate section 2470, and an uppw section 2430. The wall thicknesaes of 
the tower and intennediate sedtons, 2465 and 2470, are less than the wall thickness 
of the upper section 2475 In order to optimally facilitate the radial expaiislon of the 
15 expandable tubular member 2430. The lower section 2465 of the expandable 
tubular member 2430 is coupled to the mass 2450. 

The expandable tubular mernber 2430 Is further provided substonlialty as 
dlsdosed in one or more of the fbnoMing: 

The expansion cone 2435 Is prsfMably coupled to the support member 2425 
20 and the coupling 2440. The expanston oone 2435 is further prefsiably removably 
coupled to the expandable tubular menAer 2430. The expansion ocne 2435 Is 
preferably ada|^ to radially By^mnti the expandable tidxilar member 2430 when 
ttie expanskxi cone 2435 is axlally dispiaoed relative to the expandable tubular 
meml)er2430. 

25 The coupling 2440 is preferably coupled to the support member 2425 and 

the expansion cone 2435. The coupling 2440 is preferably adapted to convey 
electrical, communteatton. and^or hydraulte signals to and/or from the packer 2445. 
The coupling 2440 may be any number df conventional support inentf)erB such as. 
for exampfe. commercially available sfick wire, braMed wire, coiled tubing, or drilling 

30 stock material. 

The packer 2445 is coupled to the coupling 2440. The packer 2445 is further 
removably coupled to the tower section 2465 of the expandable wellbore casing 
2430. The packer 2445 is preferably adapted to provUe sufficient frictional force to 
support the tower sedton 2465 of the expandable weiRwre easing 2430 and the 
35 mass 2450; The packer 2445 may be any number of oonventkxial comme r cially 
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avanabte packers. The packer 2445 Is an RTTS packer avallabte ftxmi HaKbuiton 
Erwgy Servtoes in order to optimally provhJe multiplft sets and releases, Hydraulto 
sOps may lie subsllluted for. or used to supplemont the packer 2445. 

The mass 2450 is preferably coupled to the lower section 2485 of the 
expandable tubular member 2430. The mass 2450 Is preferably setected to prowWe 
a tensfle load on the k>wer sectkNi 2465 of the expandable tubular member 2430 

that ranges from about 50 to 100 % of the yield point of the upper sectton 2475 of 
the expandable tubular member 2430. In this manner, when the packer 2445 Is 
released, the axial force provided by the mass 2450 optimally radially expands and 
extnides the expandable tubular member 2430 off of the expansion cone 2435. 

The upper seafing member 2455 Is preferably coupled to the outsWe surface 
of the upper section 2475 of the expandable tubular member 2430. The upper 
sealing member 2455 is preferably adapted to flukJidy seal the interlace between 
the radially expanded upper sectkx) 2475 of the expandable tubular member 2430 
and the weHbore casing 240a The upper sealing member 2455 may be any 
number of conventtonal oommercialiy available sealing members. The upper 

sealing member 2455 is vHon rubber in order to optimally provWe toad carrying ^ 
pressire sealing capacity. 

The lower sealing member 2460 Is preferably coupled to the outside surface 
of the upper sectton 2475 of the expandable tubular member 2430. The tower 

sealing inerhber 2460 Is preferably adapted to lluWkiy seal the interfeoe between 
the radially expanded upper section 2475 of the expandable tubular member 2430 
and the open hole wellboresectwn 2405. The lower sealing member 2460 may be 
any number of conventfonal commercially avaUable sealing members. The tower 
sealing member 2460 is vKon mbber in order to optimally provide lead bearing and 
seafing capacity. 

As Illustrated In FIG. 24a, the apparatus 2420 is preferably poslttoned wHhin 
the wellbore casing 2400 and the open hole wellbore section 2405 with the 
expandable tubular member 2430 posittoned in overiapping relation to the wellbore 
casing 2400. The weight of the mass 2450 Is supported by the support member 
2425. the expanston cone 2435. the coupling 2440. the packer 2445. and the tower 
sectfan 2465 of the expandable tubular member 2430. In this manner, the 
intennediate section 2470 of the expandabte tubular member 2430 preferably does 
not support any of the weight of the mass 2450. 
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As iUustrated in FIG. 24b. The packer 2445 is then released from oonnedion 
with the lower section .2465 of the expandable tubular menrtber 2430. In this 
manner, the mass 2450 is preferably now supported by the support ntember 2425. 
expansion cone 2435. and ttw lower and intermediate sections, 2465 and 2470. of 

5 the ei^andable tubular member 2430. The weight of the mass 2450 then causes 
the expandable tubular member 2430 to be radially expanded by, and extnided off 
of. the exparadon cone 2435. During the eytasion process, the podtton of the 
support member 2425 Is adjusted to ensure an overlapping relation between the 
expandable tubular member 2430 and the welttjore casing 2400. 

10 A compressible cement and/or epoxy is injected into the annular space 

between the unexpended portion (rf the tubular member 2430 and the welibore 
casing 2400 before and/or during the extrusion process. The compressible cement 
and/or epoxy is then preferably pennitted to at least partially cure prior to the 
initiation of the radial expansion process. In this n)anner. an annular stniotural 

15 support and fluidic seal is provided around the tubular nriember 2430. 

As illustrated in FIG. 24c, After the expandable tubular member 2430 has 
been completely extmded o(F of the expansion oone 2435. a new section of welibore 
casing Is fonned that preferably includes the radiatty expanded tubular member 
2430 and an outer annular layer of a fluidic sealing material. More generally, the 

20 apparatus 2420 is used to rapair or form welibore casings, pipelines, and structural 
supports. 

The mass 2450 is positioned on top of the upper section 2475 of the tubular 
member2430. The mass 2450 is fabrtoated from a thid( walled tubular member that 
is concentric wMh respect to the support member 2425. and also rests on top of the 
25 upper section 2475 of tiie tubular member 2430. In this manner, when the 
expansion cone 2435 exits the tubular member 2430. the expansion cone will cany 
the mass 2450 out of the weifcore 2405. 

Referring to RQS. 25a to 25c an apparatus and method for coupling an 
expandable tubular member to a preexisting structure will now be described. 
30 Referring to Fig. 25a, a welBxxe casing 2500 and an open hole weRbore section 
2505 are positioned within a subterrariean formation 2510. The weObore casing 
2500 and the open hole welibore section 2505 may be positioned In any orientotion 
ftom the vertical direction to approximately the horizontal direction. 

An apparatus 2520 Is utillzsd to form a new section of welibore casing within 
35 the open hole welbore section 2505. More generally, the cqsparatus 2520 is 



preferably utilized to form or repair weHbore casings, pipefines, or structural 
supports. 

The apparatus 2520 preferably Includes a support member 25S, ari 
expatKiable tubular member 2530. an expansion cone 2535, a chamber 2440. an 
5 end plate K45. one or more upper seaHngmernbers2K5. and one or more sealbig 

nnembers 2S60. 

The support member 2S25 is preferably adapted to be coupled to a surface 
location. The support member 2525 Is further coupled to the expansion cone 2535. 
The support member 2525 is preHsraUy adapted to convey fluidic materials to and/or 
10 from the channber ^40. The support monber 2525 may. for examfrie. be 
conventional commercially available slick wire, braided wire, coiled tubing, or drining 
stock material. 

The expandable tubular member 2530 is removably coupled to the 
expansion cone 2535. The expandable tubular member 2530 further includes one 
15 or more upper end lower sealing members, 2555 and 2560^ on the outside suifece 
of the expandable tubular member 2530 in order to opttmalty seal the intertaoe 
between the expandable tubular member 2S30 and the weitoore cattaf 2S0O and 
the open hole wellbore section 2505. . 

The expandable tubular member 2530 further Includes a tower sectk)n2S6S. 
20 an intermediate sedton M70. and an upper sectton 2530. The wall thicknesses of 
the tower and intermediate secltons. 2565 and 2570. are toss than the well thickness, 
of the upper sectkm 2575 In order to optimally fadlitete the radial expanston of the 
expandable tubular member 2530. 

The tower section 2565 of the expandable tubular member 2530 ftirther 
25 Includes the chamber 2540 and the end plate 2545. 

The expansion cone 2535 is preferably coupled to the support member 
2525. The expanston cone 2535 is further prefer^ removably coupled to the 
expahddtte tudMilar member 2530. The expanston cone 2535 is preferably adapted 
te radially expand the expandabto tubular member 2530 when the expai«ton cone 
30 2535 Is axially displaced relative to the expandabto tubular member 2530. The 
exiMnston cone 2535 is further pr^arably adapted to convey fliAlk: material to 

and/or from the chamber 2540. 

The chamber 2540 te defined by the interior portton of the tower sedton 2565 

of the expandable tubular nwmber 2530 betow the expanston cone 2535 and above 
35 the end plats 2545. The chamber 2540 is preferably adapted to contain a quartJ^ 
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of a fluidic materials having a higher density than the flutdic materials outside of the 
expandable tutnilar member 2530. 

The upper sealing member 2SSS Is preferably coupled to the outside surface 
of the upper section 2575 of the expandable tubular member 2530. The upper 

5 sealing member 2555 is preferably adapted to lluidicly seal the interface between 
the radially expandisd upper section 2575 of the expandable tLft>ular member 2530 
and the wellbore casing 2500. The upper seating member 2555 may be any 
number of conventional commercially availabte sealing menr4>ers. The upper 
sealing member 2555 is viton rubber in order to optimally provide load canrying and 

1 0 pressure sealing capacity. 

The lower sealing member 2560 is preferably coupled to the outside surface 
of the upper section 2575 of the expandabte tubular member 2530. The lower 
sealing member 2560 is preferably adapted to fluididy seal the interface between 
the radially expanded upper section :^75 of the expandable tubular member 2530 

15 and the open hole welibore section 2505. The lower sealing member 2560 may be 
any number of conventional commercially available sealing members. The lower 
sealing member 2560 is viton rubber In order to optimally provide load canying and 
pressure sealing capacity. 

As illustrated In FIG. 25a, the apparatus 2520 is preferably positioned within 

20 the wellbore casing 2500 and the open bote wellbore section 2505 with the 
expandable tubular member 2530 positioned In overlapping relation to the wellbore 
casing2500. 

As illustrated in FIG. 25b, a quantity of a fluidic matertel 2580 having a 
der^ity greater than the density of the fluidic material within the region 2585 outeide 

25 erf the expandable tubuiar memb«- 2530 is injected into the chamt)er 2540. The 
differerice in hydrostatic pressure t>etween Vt\e dhamber 2540 and the region 2585, 
due to the difteenqas in fluid densities of these regions, causes the expendable 
tubular member 2530 to be radially expanded by, and extruded off of, the expanston 
cone 2535. During the extrusion process, the position of the support men4)er ^25 

30 is adjusted to ensure an overtapping retetion between the expandable tubular 
menter 2530 and the wellbore casing 2500. The quantity of the fluidic material 
2580 initially injected into the chamber 2540 is subsequently increased as the size 
of the chamber 2S40 increases during the extrusion process. In this manner, high 
prsssure pumping equipment is typically not required, or the need for it is at least 
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minintized. A column of the fluidic material 25B0 is maintained within the support 
member 2525. 

A compressible cement and/or epoxy is injected into the annular space 
between the unexpended porflon of the tubular member 2530 and the weHbors 
5 casing 2500 before and/br during ttie extrusion prooess. The oompressibie cement 
andtor epoxy is then preferably pemnitted to at least partially cure prior to the 
initiation of the radial expansion process. In tMs manner, an annular strndwal 
support and fluidic seal is provided around the tubular member 2530. 

As illustrated in FIG. 25c After the expandable tubular member 2530 has 
10 been completely extnided off of the expansion cone 2535, a new section of weHbore 
casfaig is fomned that preferably includes the radially expanded tubular member 
2530 and an outer annular layer of a fluidic sealing material* More generally* the 
apparatus 2520 used to repair or fomi weilbore casings, pipefines. and stnictural 
supports, 

15 Refenlng to FIGS. 26a to 26c, an apparatus and method for coupBng an 

expandable tubular member to a preexisting structure will now be described. 
.Referring to Fig. 26a, a weilbore casing 2600 and an open hole weilbore section 
2605 are positioned within a subterranean fonration 2610. The weilbore casing 
2600 and the open hole weilbore section 2605 may be positioned In any orientation 

20 from the vertical direction to approximately the horizontal direction. 

An apparatus 2620 utilized to fbrnn a new section of weilbore casing witMn 
the open hole weilbore section 2605. More genmHy, the apparatus 2620 is 
preferably utilizsed to form or repair weilbore casings, pipelines, or structural 
supports. 

25 The apparatus 2620 preferably includes a support member 2625, an 

expandable tubular member 2630, an expansion corie 2635, a sHp Joint 2640, an 
end plate 2545, a chamber 2650. one or more slip membere 2655, one or more 
sealing membere 2670, one or mom upper sealing membere 2675, and one or more 
lower sealing membere 2680. 

30 The support member ^5 is preferably adapted to be coupled to a surface 

location. The support nienrtber 26K is further cot7>led to the expansion con^ 
The support member 2625 is pr^rably adapted to convey fiiddic materials to and/or 
from the chamber 2640. The support member 2625 may, for example, be 
conventional commercially availat>le slide wro, t>raided wire, coiled tubing, or drilling 

35 stodc material. 
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The expandable tubular member 2630 is removably coupled to the 
expansion cone 2635. The expandable tubular member 2830 fiiither Includes one 
or mor« upper and tower sealing merrtbere. 2675 and 2680. on the outside surface 
of the expandable tubular men*er 2630 in order to opUmaliy seal the interface 
between the expandable tubular member 2630 and the weBbofe casing 2600 and 

the open hole wellbore secten 2605. 

The expandable tubular member 2630 further includes a lower section 2685. 

an intermediate section 2690. and an upper sedion 2695. The wall thicknesses of 
the tower and Intermediate sections. 2685 and 2690. are toss than the wan thickness 
of the upper section 2695 in order to optimally facilitate the radial expanston of the 
expandable tubular member 2630. 

The lower seclton 2685 of the expandable tubular member 2630 houses the 
slip joint 2640. the end plate 2645. the sHps 2655. and the seaHng members 2870. 
The interior portton of the tower sectioh 2685 of the expandable tubutar member 
15 2630 betow the expansion cone 2635 and above the end plate defiiwslheehe^^ 
2650. The lower sedton 2685 of the expandaWe tubular member 2630 further 
includes one or more of the anchoring devices described above vullh reJenenoe to 
FIGS, la to 25c. 

The expanston cone 2635 Is preferably ooupted to Ihe support member 2625 
20 and the sHp joint 2640. The expanston cone 2635 Is further preferably removably 
coupted to the expandable tubular member 2630. The expansion cone 2635 is 
preferably adapted to radially expand the expandable tubular member 2630 when 
the expanston cone 2635 is axiaHy displaced relative to the expandable tubuter 
member 2630. The expanston cone 2635 Is further preferably adapted to convoy 
25 fluWto materials to and/or from the chamber 2650. 

The sHp joint 2640 is coupled to the expanston cone 2635 and tt» end plate 
2645. The slip joint 2640 Is preferably adapted to pennlt the end plate 2645 to be 
axlally disptecedretetlve to the expanston cone 2635. In this manner, the size of the 
chamber 2650 Is variabte. The sUp joint 2640 may be any number of conventtonal 
30 commerclanyavaDabte slip jolnte modified in accordance with the teachings of the 

present disctosure. 

The snp joint 2640 preferably includes an upper member 2640a. a resilient 
member 2640b. and a tower member 2640c. The upper member 2640a Is coupted 
to the expanston cone 2635 and the rosiOent member 2640b. The upper member 
35 2640a is movaWy coupted to the tower member 2640b. The upper member 2640a 
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preferably includes one or more fluid passages 2640aa that permit the passage of 
fluidic materials. The Iwwmemlier 2640b Is ooupted to the end plate 2645 and the 
resilient member 2640b. The towwr member 2640b Is mowably coupled to the upper 
member 2640a. The toi(»r merrtber 2640b preferably Includes one or more fluid 
5 passages 2640ba that permit fne passage of fluldlc nwterlals. The re^ient member 
2640c Is coupled between the upper and towermembers. 26408 and 2640b. The 
resaient member 2640c Is pfefBiaWy adapted to apply an upward axial fbioe to the 

endplato2645. 

The end plate 2645 Is coupled to the sup joint 2640. the slips 2655. and the 
10 sealing members 2870. The end plate 2645 is preferably adapted to seal off a 
portion of the Interior of the lower section 2685 of the expandabie tubular member 
2630. The end plate 2645 is further adapted to define, in combination with the 
expandable tubular member 2630, and the expansion cone 2635, the chamber 
2650. 

15 The dKimber 2650 Is defined by the Interior portion of the lower section 2685 

of the expanda4)le tubular meirtSer 2630 below the expansion cone 2635 and above 
the end plate 2645. The pressurization of the chamber 2650 causes the expan^on 
cone 2636 to be axlally displaced and thereby radially expand the expandabte 
tubdar member 2630. The chamber 2650 is preferably adapted to move upwardly 

20 within the expandable tubular member 2630 as the expansion cone 2635 and end 
plate 2645 are axially displaced ¥irithln the expandabte tubuter member 2630. 

The slips 2655 are coupted to the end ptete 2645. The slips 2655 are 
preferably adapted to pennit the end ptete 2645 to be dispteoed in the upward axtei 
direction: but prevent axial disptaoement of the end ptete 2645 in the. downward 

25 direction. In this manner, the chamber 2650 te pressurtoed by ir^ecUng fluidic 
matertels into the chanter 2650. Because the end ptete 2645 to maintained in a 
substantially stationary position, letalive to the expandabte tubuter member 2630. 
during the injection of pressuiized fluidic materials into the chamber 2650. ttte 
pressurization of the chamber 2650 preferably axlally dispteces the expansion cone 

30 2635. When the slip jdnt 2640 Is fully extended, the slip joint 2640 then displaoes 

the end plate 2845 m the upward axial direction. When the spring force of the 
elastic member 2640c of the slip joint 2640 is greater than the fluidic pressurization 

fbice vwthin the chamber 2650. the end ptete 2645 to dispteoed in the upward axtel 

direction. 
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The sealing members 2670 are couplecl to the end plate 2645. The sealing 

members 2870 are further preferably seaHngly coupled to the Interior vralb of the 

expandable tubular member 2630. In this manner, the diamber 2650 is optimally 

pressurized during operation of the apparatus 2620. 
5 The upper sealing member 2675 is prafbraWy coupled to the outside surface 

of the upper section 2695 of the expandabte tubular member 2630. The upper 
sealing member 2675 Is preferably adapted to fluWIcly seal the Interface between 
the (Bdlally expanded upper section 2695 of the expandabte tubular member 2630 
and the wellbore casing 2800. The upper sealing member 2675 may be any 

10 number of conventional commerefally avallabte sealing membere. The upper 
sealing member 2675 is vHon mbber in order to optimally provide load carrying and 
pressure sealing capacity. 

The tower sealing member 2680 is preferably coupled to the outside surface 
of the upper section 2695 of the expandable tubular member 2630. The lower 

15 sealing member 2680 Is preferably adapted to fluWidy seal the Interface betvwen 
the radially expanded upper section 2695 of the expandable tubular member 2630 
and the open hole wellbore section 2605. The lower sealing member 2680 may be 
any number of conventional commercially available sealing members. The lower 
sealing member 2680 Is viton njbber in order to optimally provide load carrying and 

20 pressure seal'mg capacity. 

As illustrated In FIG. 26a. the apparatus 2620 Is preferably positioned within 

the wellbore casing 2600 and the open hote v»llbore section 2605 vrilh the 
expandable tubular member 2630 positioned In overiapping retetlon to the wellbore 
casing 2600. The lower section 2685 of the expandabte tubular member 2630 is 

25 then anchored to the open hole wellbore section 2605 using one or more of the 
apparatus and methods described sbove wHh reference to FIQ8. la to 25a 

As Illustrated In FIG. 26b. the redtal expansion of the expandabte tubular 
member 2630 Is then Initiated by. (1) applying an upvwrd axtel force to the 
expansion cone 2635; and/or (2) pressurizing the chamber 2650 by Injecting a 

30 pressurized fluldlc material into the chemnber 2650. 

The expandable tubular member 2830 Is radially expanded by applying an 
upward axial force to the expansion cone 2635. Once the slip Joint 2640 Is hiBy 
extended, the end plate 2645 Is then axlally displaced In the upward direction. In 
this manner, the end plate 2645 follows the expansion cone 2635. The chamber 

35 2650 is pressurized when the frictional forces exceed a predetemilned value, hi this 
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manner, the axial displacement of the expansion oone 2635 is provided by applying 
an axial ftxce that is selectively supplemented by pressurizing the chamber 2650. 

A compressible cement and/or epoxy is injected into the annular space 
betvveen the unexparKled portion of the tubular member 2630 and the wellborB 

5 casing 2600 before and/or during the extausion process. The compressible oemmt 
and/or epoxy is then preferably pemiltled to at least partially ewe prior to the 
initiation of the radial expansion process. In this manner, an annular structural 
sivport and fluidic seal is provided around the tubular member 2630. 

As atustrated ffi FIG. 26c After the expandable tubular member 2630 has 

10 been completely extruded off of the expansion cone 2635. a new section of wellbore 
casing is fonned that preferably includes the radially expanded tubular member 
2630 and an outer annular layer of a fluidic seafing material. More generally, the 
apparatus 2620 is used to repair or form \ralibone casings, pipelines, and stmctural 
supports. 

15 • Referring initially to FIG. 27, a pneferred method 2700 of coupling an 
expandable tubular member to a preexisting structure includes the steps of: (1) 
coupling the expandable tubular member to the preexistir^g structure by axially 
displacing an expansion cone; and (2) radially expanding the e)q>andabl6 tubular by 
applying direct radial pressure. 

20 As illustrated in FIG. 28, in step 2705, an expandable tubular member 2BI0S 

is coupled to a preexisting wellbore casing 2810 positioned within a subterranean 
fonration 2815. The wellbore casing 2810 furth«- includes an outer annular layer 
2820 of a fluidic sealing material such as, for exanq^le, cement The expandd>ie 
tutHjIar member 2805 may be coupled to the preexisting wellbore casing 2810 using 

25 any number of conventional commercially available methods for oot4>ling an 
expandable tubular member to a preexisting strucftjre such as, for example, puKpg 
an expansion cone, through a tubular member, or pushing an expansion cone 
through a tubular memtier using a pressurizBd fluidic material. The expandable 
tubular member 2805 is coupled to the preexisting structiro 2810 udng one or more 

30 of the apparatus and methods disclosed in the fdlowing: (1) U.S. utility patent 
application serial no. 09/454,139. attomey dodcet no. 25791.3.02, filed on 
12/3^1999, which claimed the benefit of the filing date of U.S. provisional patent 
application no. 60/1 1 1 ,293, attomey docket no. 25791 .3, filed on 12/7/1998: <2) U.S. 
utility patent applicafion serial no. 09/510,913, attomey docket rK>. 25791.7.02, filed 

35 on 2/23/2000, whteh claimed the benefit of the filing date of U.S. provistonal 
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application no. 60/121.702, filed on 2/25/1999: (3) U.S. ulHity patent application 
serial no. 09/502.350. attorney dodcet na 25791.8.02. filed on 2/10/2000. which 
claimed the iMnefit of the filing date of U.S. provisionai application no. 60/110.611. 
attorney docket no. 25791.8: (4) U.S. utility patent application serial no. 09/440.338. 
5 attorney dodwt no. 25791.9.02. filed on 11/15/1999. which dakned the benaftt of 
the filing date of U.S. provisional application no. 60/108.558, attorney dodnt no. 
25791.9. filed on 11/16.1998: (5) U.S. provisional patent application no. 60/183.546. 
filed on 2/18/2000; (6) U.S. utiiity patent application no. 09/523.460. attorney doctot 
no. 25791.11.02, fited on 3/10/2000, which claimed the l>eneflt of the filing date of 
10 U.S. provisional application no. 60/124,042. fited dn 3/11/1999; (7) U.S. utility patent 
application no. 09/512.895, attorney dodcet no. 25791.12.02. fited on 2/24/2000. 
which daimed the t)enefit of the filing dates of U.S. provisional application no. 
60/121,841, attorney dck*et no. 25791.12. filed on 2/26/1999 and U.S. provisional 
appHcation no. 60/154.047. attorney docket no. 25791.29. fited on .9/16/1999; (8) 
15 U.S. utility application no. 09/511,941. attorney docket no. 25791.1&02. filed on 
2/24/2000, viAiteh daimed the benefit of the filing date of U.S. provisionei serial no. 
60/121 .907, attorney docket no. 25791 .16. fited on 2/26/1999; (9) U.S. utility patent 
appUcatten no. 09/588.946. attorney docket no. 25791.17.02. fited on June 7. 2000. 
which daimed the benefit of the filing date of U.S. pioviskmal patent applcatten 
20 serial no. 60/137.998. attorney docket na 25791.17. fited on 6/7/1996; (10) U.S. 
utility patent applicatkxi na 09^9.122. attorney doctot no. 25791.23.02. fited on 
4/26/2000. which daimed the benefit of the filing date of U.S. provisional applicatten 
no. 60/131.106. attorney docket no. 25791^. fited on 4/26/1999; (11) U.S. 
provisk>nal appltoatton no. 60/146.203. attorney docket no. 25791.25. fited on 
25 7/29/1999; (12) U.S. provtetenal appHcatton no. 60/143.039, attomey docket no. 
25791.26. fited on 7/9/1999; (13) U.S. provtetonal patent applicatten serial no. 
60/162.671, attorney docket no. 25791.27. fited on 11/1/1999; (14) U.S. provistonal 
applicatton no. 60/159.039, attomey dodtet no. 25791.36. fited on 10/1^1,1999: (15) 
U.S. provisional patent application no. 60/159.033. attomey docket no. 25791.37, 
30 fited on 10/12/1999; and (16) U.S. provisional patent applteation no. 60/165,228, 
attomey docket no. 25791 .39. fited on 1 1/12/1099. 

Preferably, tfie amount of radtel expansion provided in step 105 ranges from 
about 5% to 20%. 

As ilhjstrated in FIG. 29, in step 2710, at least a portten of the axpandabte 
35 tubutar member 2805 is further radtelly e)9anded by using a radtel expanston tool 
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2905 to apply direct radial pressuPd to the expandable tubular member 2805. The 
radial expansion tool 2905 may be any number of conventbnal radial expansion 
tools siAtabie for applying direct radial pressure to a tubular member. The radial 
expansion tool 2905 is provided substantially as disclosed on one or more of the 

5 following U.S. Patents: 5,014,779 and 5,083,608, the disclosures of which are 
incorporated herein by referenoe. The amount of radial expansion of the 
expandable tubular member 2605 provided in step 2710 ranges up to about 5%. 
The radial contact pressures generated by the radial expansion tool 2905 In step 
271 0 range from about 5*000 to 140,000 psL In order to optimally plastically deform 

10 the expandable tubular menAier 205 to the final desired geometry. 

The radial expansion provided in step 2705 is Dmited to the portion of the 
expandable tubular member 2805 that overlaps with the preexisting wellbore casing 
2810. In this manner, the high compressive forces typically required to radially 
expand the portion of the expandable tubular member 2805 that overlaps with the 

15 preexisting ^llbore casing 2810 are ofrtirT^lly provided. 

The radial expansion in step 2705 radtaHy exparuls the expandable tubular . 
member 2805 to provide ah inside diameter $ut>stantiaily equal to the inside 
diameter of the pre-existing wellbore casing 2810. In this manner, a nxxio-diameter 
wellbore casing is optimally provided. 

20 Thus, the method 2700 provides a 2-step radial expansion process that 

utlHzeK (1) a relatively quick inethod of radial expansion for the rne^or^ 
expansion; and (2) a hig)i contact pressure method for the remaining radial 
expansloh. The rnethod 2700 is used to form or repair wellbore casings, pipelines, 
or sbucturel supports. 

25 The method 2700 further provides an apparatus and method for coupling an 

exparidable tubular member tp a preexisting structure. The exparidable tutHJiar b 
initially coupled to the preexteting structure by axially displadng an expansion cone 
within the expandable tubular member. Tfie expandable tubular m6mt>er is then 
further radially expanded by apf^ng a radial force to the expandable tubular. The 

30 apparatus and method have wide application to the formatton and repair of wellbore 
casings, pipelines, and simctural supports. The appareti^ and method provide an 
efficient and reliable n)ethod for formaig and repairing wellbore ca^ngs, pipelines, 
and structural supports. In a preferred implementation, the initial radial expansion of 
the expandable tubular member by axially displacing the expar^on oone provide 

35 from about 5% to 25% of radial expansion, and the subsequent application of direct 
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radial pressure to the expandable tubular menrtwr provides an additional radial 
«(pansion of up to about 10%. In this manner, the desired final geometry of the 
radially expanded tubular member is optimally achieved in a time efRdent arid 
relicMe manner. This m^hod and appwatus Is particularty useful In optimally 
S creating profiles and seal geometries for Oner tops and for connections between 
jo'ntod tubulars. 

The expansion cones 130. 230. 325. 1030. 1130. 1225. 1325. 1435. 1440. 
1525. 1530. 2030. 2335. 2435. 2535. 2635. and the expandable tubular members 
140. 240. 335, 1040. 1140. 1235. 1335. 2025. 2330. 2530. 2630 may be provided 

10 substantialy as disclosed In one or mors of the fbHowing: (1) U.S. utlity patent 
appfication serial no. 09/454,139. attorney dodcet no. 25791.3.02, filed on 
12/3/1999. which claimed the benefit of the riHng date of U.S. provisional patent 
application no. 60/111,293. attorney dodcet no. 25791.3. filed on 12/7/1998; (2) U.S. 
utility patent application serial no. 09^10,913, attorney docket no. 257917.02, filed 

15 on 2/23/2000; which claimed the benefit of the filing date of U.S. provisional 
application no. 60/121,702, filed on 2/25/1999; (3) U.S. utility patent application 
serial no. 09/502,350. attorney dodcet no. 25791.8.02. filed on 2/10/2000. which 
claimed the benefit of the filing date df U.S. provisional application no. 60/119,611, 
attorney docket na 25791.8; (4) U.S. utility patent application serial no. 09/440.336. 

20 attomeydockstno. 25791.9.02. filed on 11/15/1999. which claimed the benefit of 
the filing date of U.S. provisional application no. 60/108.558. attorney, dodcet no. 
25791.9. filed on 11/16.1998: (5) U.S. provisiondl patent application no. 60/183.546. 
filed on 2/18/2000; (6) U.S. utility patent application no. 09/523.460. attorney docket 
na 25791.11.02. filed on 3/10/2000. wHich dahned the benefit of the flUng date of 

25 U.S. provisional appDcatkm no. 60/124.042. filed on 3/11/1099; (7) U.S. ufilty patent 
application no. 09/512.895. attorney docket no. 25701.12.02. filed on 2/24/2000. 
which claimed the benefit of ttw filing dates of U.S. pnivistonal appiteatton no. 
60/121.841. attorney docket no. 25791.12. filed on 2/26/1999 and U.S. pravlstonal 
applicatton no. 60/154.047. attorney docket no. 25791.29. filed on 9/16/1999; (8) 

30 U.S. utility application no. 09/511,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, which clainr«d ttte benefit of the filing date of U.S. provisional serial no. 
60/121.907. attorney docket no. 25791.16. flted on 2/26/1999; (9) U.S. utility patent 
applkation no. 09^88.946, attorney docket no. 25791.17.02, filed on June 7. 2000. 
which claimed the benefit of the filing date of U.S. provistonal patent application 

35 serial no. 60/137.998. attorney docket no. 25791.17. fited on 6/7/1999; (10) U.S.' 
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utBtty patent application no. 09/559.122. attorney dodwt no. 25791.23.02, filed on 
4/26/2000, which claimed the benefit of the filing date of U.S. provfeional application 
no. 60/131.106. attorney docket no. 25791.23. filed on 4/26/1999: (11) U.S. 
provisional application no. 60/146.203, attorney docket no. 25791.25, filed on 

5 7/29^1999; .(12) U.S. provistonal applkation no. 60/143,039. attorney doci«et no. 
25791.26, filed. on 7/9/1999; (13) U.S. provisional patent appHcafion seiiai no. 
6W162.671. attorney docket no. 25791.27. filed on 11/1/1999; (14) U.S. provistonai 
appHcatkm no. 60/159,039, attorney docket na 25791.36, filed on 1W12.1999;.(15) 
U.S. provisk)nal patent appiicatton no. 60/159.033, attorney docket no. 25791.37, 

10 filed on 10/12/1999; and (16) U.S. proviskmal patent applk»fion no. 60/165.228. 
attorney docket no. 25791.39. filed on 1 1/12/1999. 
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CONVERSION OF IMPERIAL UNITS TO METRIC UNITS 



* 250<»Fto45(W 
5000 psi to 140,000 psi » 
5 0T^to450T » 
3in = 
2x10-*inMo5x10^in=' = 



121.'f«Cto232.2^: 

3.447 X 10^ N/m^to 9.653 X lO* N/m* 

-17.ffC to 232.2^ 

76.2 mm 

0.129 mm^ to 32.26 mm^ 



The iollowlna ara Reaistered Trade Maito 

10 

Viton 

TorqTrim III 
EP Mudiib 
DrillN-SlId 
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1 A system for coupling an expandable tubular member to a preexisting 
structure, comprising: 

5 means for poeitiontng the tubular member and an expansk)no^ 

preexisting structure; 

means for anchoring the tubular member to the preexisting structure; 

means for axialiy displadng the expansion cone relative to the tubular 
member by pulling the expansion cone through the tubular meniber; and 
10 means for injecting a lubricating fluid into the trailing edge of the interface 

beAween the expansion cone and the tubular member. 

2. The system of daim 1, further comprising a lubricating flukl. wherein the 
lubricating fkiid has a viscosity ranging from 1 to 10,000 centipoise. 

15 . 

3. The system of daim 1 , wherein the means for ir^ecHng Indudes: 
injecfing lubricating fluid into a tapered end of the exparision cone. 

4. The system of daim 1 , wherein the means for injecting indudes: 

20 means for injecting lubricating fluid into the area around the axial midpoint of 

a first tapered end of the expansion cone. 

5. The system of daim 1 . wherein the means for in^ng indudes: 

means for injecting lubricating fluid into a second end of the expansion cone. 

25 

6. The system of daim 1. wherein the means for injecting ihdudes: 

means for injecting lubricating fluid into a tapered fkst end and a second end 
of the expansion cone. 

30 7. Thesystemof daim l.vvherein the nfieans for injectirig Inchjdes: 

nfieans for injecting lubricating fluid into an interior of the expansion cone. 

8. The system of daim 1 . wherein the means for in^cttng indudes: 

means for injecting lubricating fluid through an outer surface of the 
35 expar^ion cone. 
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9. The system of daim 1. wherein the means for Injecting includes: 

means for injecting the lubricating fluid into a plurality of discrete locations 
along the trailing edge portion. 



5 10. The system of daim 1, further comprising a lul)rtcatlng fluid, wherein the 
lubricating fluid comprises: . 
driBing mud. 

11. The system of daim 1 , wherein the means for axially displadng the 
1 0 expansion cone indudes: 

a means for pressurizing at least a portion of the interior of the tubular 
niemt)er. 

12. The system of daim 1 , wherein the means for axiaily displadng the 
15. expansion cone indudes: 

a means for injecting a fluidic material into the tubular member. 
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14. . The system of daim 1 , wherein the means for axially displadng the 
expansion cone indudes: 

a means for displadng the expansion cone out of the tubular member. 

1 5. The system of daim 1 . wherein the means for axially displadng the 
expansion cone radially expands the tubular member by 10% to 20%. 

16. The system of daim 1 , further conr^ristng a means for applying direct radial 
30 pressure to the tubular member. 

17. The system of daim 1 . further comprising a preexisting structure which 
indudes a wellbore casing. 



13. The system Of daim 1. Wherein the means fbraxially displacing tt^ . • 

expansion cone indudes: * » , 

20 a rneans for displadng the expansion cone into the tubular niember. 



••• • 
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1 8. The system of daim 1 , further comprising a preexisting structure which 
includes a pipeline. 

19. The system of daim 1. further comprising the preexisting structure which 
5 includes a structural support 

20. The ^tem of daim 1 , further comprising an expansion cone, wherein the 
expansion cone comprises an angle of attadc ranging ftom 10 to 30 degrees. 

10 21 . The system of daim 1 . further comprising a tubular memtier, wherein the 
tubular member includes: 

an annular member, having: 

a wall thickness that varies less than 8 %; 

a ho<s) yield strength that varies less than 10 %; 
15 imperfections of less than 8% of ttiie wall thld^ness; 

no faHure for radial expansions of up to 30 %; and 

no nedcing of the walls of the annular member for radial expansioris of up to 

25%. 

20 22. The system of daim 1, further comprising a tubular member, wherein the 
tubular member indudes: 

a first tubular member 
a second tubular mmnben and 

a pin and box threaded connection for coupling the first tubular member to 
25 the second tubular member, the ttveaded connection induding: 

one or more sealing members for sealing the interface between the first and 
second tubular HDembers. 

23. The systenri of daim 22. wherein the one or more sealing memtiers are 
30 positioned adjacent to an end portion of the threaded connection. 

24. The system of daim 22, wherein one of the sealing members s positioned 
adjacent to an end portion of the threaded connection; and wherein another one of 
the sealing members is not positioned adjacent to an end portion of ttie threaded 

35 oonnectioa 
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25. The system of (teim 22. wherein a pluiBttty of the one or more seaBng 
memt)er8 are posttioned adjacent to an end portion of the threaded connection. 



5 28. The system of dalml. further comprising a tulHilar member, wherein the 

tubuiar member indudes: 

a layer of a lubricant bonded to the imerio- surfece of the tubular member. 

27. The s^m of daim 26, wherein the lubricant comprises a metallic soap. 

10 

28. The system of clahn 26. wherein the lubricant is chenricaiiy bonded to the 
interior surface of the tubular member. 

29. The system of dalm 26. wherein the lubricant is mechanically bonded to the 
15 interior surface of the tubular member. 

30. The system of daim 26, wherein the lubricant is adhesively bonded to the 
Interior surface of the tubular member. 

20 31. The system of daim 30, wherein the lubricant Includes epoxy. molybdenum 
disulfide, graphite, aluminum, copper, alumlsllicate and pdyethylenepolyamlne. 

3Z The system of daim 1, further comprising a tubular member, wherein the 
tubular member includes: 
25 a pair of tubular membere having threaded portions coupled to one another. 

and 

a quantity of a sealant vi(ithin the threaded portions of the tubular members. 

33. The system of daim 32, wherein the sealant is selected from the group 
30 consisting of epoxies. themiosetting sealing compounds, curable sealing 

compounds, and sealing compounds having polymerizable materials. 

34. The system of daim 32. wherein the sealant indudes an initial cure cyde 
and a final cure cyde. 

35 
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35. The system of daim 32. wherein the sealant can be stretched up to 30 to 40 
percent without failure. 

36. The system of daim 32, wherein the sealant is redstant to conventional 
wellbore fluldic materials. 

37. The system of daim 32, vrfierein the material properties of the sealant are 
substantially stable for temperatures ranging from -17.8^ to 232.2*0 (0 to 450^. 

38. The system of daim 32. wherein the threaded portions of the tutnilar 
members include a primer for innproving the adhesion oT the sealant to.the threaded 
portions. 

39. The system of daim 1 « further comprising a tubular member, wherein the 
tubular member indudes: 

a pair of rings for engaging the preexisting structure; and 
a sealing element positioned between the rings for sealing the interface 
between the tubular member and the preexisting stnjcture. 

40. The system of daim 1 , further comprising a tubular member, wherein the 
tubular member indudes: 

' a first preexpanded portion; 
an intermediate portion coupled to the first preexpanded portion induding a 
sealing elennerit; and 

a second preexpanded portion coupled to the intennediate portion. 

41. The system of daim 1. further comprising: 
a tubular member 

an expansion cone; 

a support member induding a fluid passage, the expansion oone coupled to 
the support member, the tubular member coupted to the expansion cone; 
a slip joint coupled to the expansion cone; 
an end plate coupled to the slip Joint; 



'74 



a fluid chamber coupled to the fluid passage, the fluid chamber defined by 
the interior portion of the tubular member between the expansion c»ne and the end 
plate. 

5 42. The system of daiml. further comprising a tubular member, 
tubular member includes a slotted end (xxtion. 

43. The system of daiml, further comprising a tubular member and an 
expansion cone, wherein the tubular men*er and the expansion cone define a 

1 0 chamber adapted to be pressurized. 

44. The system of dalm 43. further comprising a nuidlc passage coupled to the 
chamber. 

15 45. The system of dalm 1 ; further comprising a lubricating fluid in an Interface 
between the expansion cone and the tubular men^r. 

46. The system of dalm 4S. wherein the lubricating fluid comprises: 
drilling mud. 
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